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FOREORD

The research work at the University of Bradford forms one part of
the Centre for Educational Research and Innovation's Progeamme in
Institutional Management in Higher Education. Other universities
participating in this project are Chalmers University of Technology,
Gothenburg, Sweden; the Catholic University of Nijmegen, Netherlands;
the Unieersity of Lancaster, U.K.; the Technical University of Denmark
at Lyngby; Universite de Paris-Ouest, Nanterre, France; the Free
University of Berlin, West Germany; and the University of Novi Sad,
Yugoslavia.

The terms of reference of the Bradford project are as fellows:

"Study of potential economies per student year.

The study shall comprise:

a preliminary study of the cuerent costs of producing
graduates in different disciplines broken down by major
items of expenditure (capital and maintenance costs,
salaries administrative costs, etc.

(ii ) the constructinn of alternative models corresponding to
different sets of assumptions regarding the University's
future enrolment policy for new course combinations,
otaff/student ratios, use of the building, building cost
economies, etc.;

the collection of data in order to a ss the variation
of costs per unit in relation to incre sod enrolments

the pilot testing of conclusions emerging fram the
research emrk referred in sub-paragraphs (i) (ii) and Ili)
above."

The work ie directed towards identifying potential economies
in the teaching of students under alternative sets of aesumptions,
in order that action may be taken by national educational authorities
end by universities themselvee, to secure a more economic use of
resourced in the.higher education sector.

The Bradford project has confined itself to collecting data from
within the Universiey of Bradford; its results consequently relate to
economies that might be,realised in that university. The meehods
useid, however, are,of wider applicability, and the object of the
researa work has been as much to develop g2Ilacida of .1dentifying
economies and allocattng resources, as to produce specific results
in the University of Bradfcrd.
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The timing of the project has coincided with the preliminary
mtages of the University's planning for the quinquennium 1972-77- This
had the advantage that the university as a whole was considering Its
future plans and it was realistic to talk in terms of changes to the
present pattern of activities. On the other hand it had the dis-
advantage that the research team was still investigating new
techniques of costing and resource allocation at the samu time that
the university might wish to apply them. We have as far as possible
used specific academic development proposals made within the
university as data Per our study, but we have also found it necessary
to postuLate changes ourselves in order to search for potential
economies.

During the course of our research, the University received from
the U.K. University Grants Committee preliminary guidance on the
formulaticn of their quinquennial estimates, including a provisional
figure fo z. the total student population of the university at the end
of the quinquennium, and a statement of suggestud building priorities
up to 1974-75. We have borne these constraints in mind, but have not
limited our "alternative assumptions" to those within the buands of
thuse constaints.

Nevertheless, the general discussion of potential econom!_es in
this report takes place againSt the background of these nc,tional con-
straints, notably that there will he a suhstantial-inerease in the
number of studenta ovur the next euinquennium, and that tho govez.n-
ment is soaking 4..o obtain this expansion without a pro rata iner'case
in cost, whiLst expecting universities to maintain the quality of
their outputs

Part 1 or thu report looks generally at the nature of university
costs from am economist's viewpoint. In particular the concept of
cost a8 an intrinsic attribute of a particular output is rejected. A
distinction is made between cost at the point of decision-making ;when
lt is avoidable), and cost as an allocation of past expenditure when
it is sunk). The need to define cost in terms of the particular
problem in hand is considered. Financial and economic (social
opportnnity; costs are distinguished. Some general problems of
pricing factors of production are considered.

In Part.2 cost is treated as an allocation of past expenditures.
The concapt of output budgeting within an imdividual institution is
introduced and the problems of allocating joint-costs discussed. A
method of calculating unit costs of undergraduate courses is described
and.asse,.15ed. ne unit and total costs of undergraduate courses in
.:1969/70 are presented and analysed by items of e:Lpenditure. These
figures im-L-Ide only costs st:rictly attributable to the courses In
question; eo,ts attributable to other outputs (such as that part of
the time of =31s-ff which is spent on research) are excluded.



Part 3 of the report describes a method of building up the academic
staff requirements for a course on the basis of the amount of teaching
involved in it. A number of courses are analysed in terms of hc amount
of each type of teaching (lecture, class, tutorial, laborctory session,
etc.) given and the standard group sizes used. From this can be cal-
culated the number of teaching meetings of different typos and sizes
that must be provided, and consequently the number of academic staff
and teaching rooms required. This is used to calculate cost per
student, and the sffects on cost of changing the level of enrolment
the structure of tho course (the total number of contact hours, thu
number of optional sub.:loots, the size of teaching groups, and thu
relative numbers of lectures, tutorials, etc.), and the teaching load
of staff, is observed. The policy implications of the relative sizus
of economiss obtainable by varying these parameters are considered.

In Part 4 the utilisation of teaching accommodation is studied.
The existing level of utilisation is analysed by type and size of room.
The effect on room utilisation of expansion of student numbers is
investigated, and the points at which particular types or sizes of room
cease to be available are identified. The effect on costs of increas-
ing the degree of utilisation, and of extending the period over which
buildings aro used (longer days, weeks and academic years) are investi-
gated and compaled with the alternative of providing new buildings.
Possible economies in the provision of new buildings are considered.

Part 5 is concerned with a third major iteia of expense after
teaching and space costs - the factors affecting the demand for technical
staff. In particular the absence of any relation between the numbers of
technical staff and the number of students is noted, and an alternative
relationship to laboratory area is postulated.

In Part 6 cost is studied in relation to specific academic
development proposals. The concepts of marfsinal and incremental costs
are defined and the reasons for expecting them to differ from existing
average costs are diccussed; these include economies of scale, the re-
allocation of resources between outputs, and the bringing isto use of
under-utilised resources. A method of calculating the incremental cost
of specific academic proposals is described, and some actual proposals
for new courses and for expanding existing courses during the 17i2-77
quinquennium are costed on the basis of professors' estimates of
resource requirements. In the light of the findings of Parts 3, 4 and
5, certain economies in resource requirements are postulated in this
section, alternative costings are produced, and some policy implica-
tions deduced. Incremental costs of expansion are compared with exist-
ing unit costs and comparisons are made between different development
proposals.
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Part 7 deals with the role of computerised models in university
planning. The scope of existing models is surveyed and ti.p.=, models
designed for use at Bradford are described. These computer programs
accept as data a number of planning norms, such.as staff:student ratios,
technical staff ratios, accommodation limits, etc., and enable these
parameters to bu varied. Detwils of courses are fed into the program
which calculates the necessary resource requirements either over a
single year, or over a five year period, relating those to the level
of the recurrent grants. The effects on resource requirements cf
altering various norms are analyoed and their policy implicatione
presented.

Part 8 investigates existing courses in an attempt to discovir
whether economies of scale already exist in practice. Existing elemen s
of cost are correlated with course size and a significant degree of
correlation of staff cost with size of course is found, providing use-
ful independent evidence of the econonies propounded in Chapter 5.

In Part 9 the major potential economies identified in the report
are summarised, and the manner in which these might be implemented is
dis ussed. Certe.in key areas for furthur investigation are suggested.

iv.



Working Faers

During the course of the project, the following papers, prepared
by members at the University of Bradford, have been issued-by-the
Centre for Educational Research and Innovation:

GERI/IM/70.05

CERI/IM/70.09

GERI/M/70.27 ;

CERVIM/70.34
=

aua/m/70.35

CERIA14/71 .03 :

MEI/IN/71.08 :

GERIAM/71 .10 :

MIMI/Di/71.11 :

GERI Ih/71.12 :

GMI/IM/71.13

CERI/M/71.14
CERIAM/71.15

CERVIX/71.16 :

J.A. Bottomley : "The Instal/ation of Output
Budgeting or Planning-Frogramming-Budgeting
Systems at the University of Bradford", June 1970.
J.E. Dunworth : "Cost-Effectiveness at the
University of Bradford", June 1970.
J.E. Dunworth : "Cost-Effectiveness in Higher
Education", October 1970.
M. Pickford "(Jost-Effectiveness at the Univer
of Bradford - Interim Report on the Costing of
Proposals for the Expansion of Student Numbers"

December, 1970.
R.K. Khanna : "Model for a Cost Analysis of
Undergraduate Education", December, 1970.
J.A. Bottomley : "Potential Clients for Studies in
University Cost-Effectiveness", January, 1971.
R. Dasey : "Expansion of Student Numbers In Specific
Courses: The Effects on Staff Hours Required and
Course Structure at the University of Bradford",

January, 1971.
J.E. Dunworth : "Statement of Objectives and Method
of Ayproach", April, 1971.
M. Pickford "Interim Report on the Costing of
Proposals for Ekpansion of Student Numbers",

February, 1971. (with Annex.)
M.Pickford : "Marginal Costs, Step-Functions of
Ekpansion, and Economies of Scale in the University -
A Preliminary Survey", April, 1971.
J.E. Dunworth : "Some Implications of Reducing the
Staff:Student Ratio", March, 1971.
R.E. Cooley : "Progress Report", April, 1971.
R.K. Khanna : "Total Cost per Student Year by Course
University of Bradford, 1969-70", February, 1971.
C.A. Barton : "Progress Report", April, 1971.

ity



PART 1

INTRODUCTION

1 0



CHAPTER 1

THE NATURE OF UNIVERSITY COSTS

In this chapter we discuss the uses to which student cost figures may be
put, distinguishing what we call "accounting" purposes from "planning" purposes.
We then consider three alternative definitions of cost, "financial", "economic",
and "opportunity" costs, and see how these differ.

Before making any attempt to measure university costs, either as they are
or as they might be in alternative situations, it is essential to be clear exactly
what is meant by the term "cost". It is a word which has so many meanings to the
layman as well as to the economist or accountant, that its use can be highly mis-
leading if not carefully defined. It is tempting to suppose that there exists a
single definition of cost that could be applied in all circumstances. Such a defi-
nition would be of much value in comparing different situations with the present,
and in assessing alternative possible lines of action.

However, far from there being a single definitive concept of cost, there
are a number of concepts each equnlly valid in its own particular context. This
means that before attempting to define cost one must define the purpose for which
the concept is to be used. This involves a number of major problems -- cost of
what? cost to whom? cost when? The cost "per student" for instance will differ
according to whether one allocates the whole expense of university activity to
teaching students, or whether one extracts costs attributable to other activities
such as the personal research of members of staff. The cost to the student is very
different from the cost to the U.K. University Grants Committee (U.G.C.), which in
turn is different from the cost to the public seetor as a whole, and from the cost
to the national economy. The current cost is different from the total cost (in-
cluding capital expenditures of previous years), and the average cost obtained by
spreading past outlays over existing students is different from the marginal cost
that would have been incurred if one extra student had been enrolled. It la the
purpose of this chapter to consider these basic problems of the nature of "cost",
and in so doing it will become clear that "cost" is not an intrinsic attribute
of a product in the same sense as "weight" or "colour".

The_Uses of Costs

The most critical question to be answered is the purpose for which the
cost figures are required. On first sight it might appear disreputable to adjust
the definition of cost in the light of the purpose to which the figures will be
put, but this is not so, for in fact two very different concepts of cost are required

for two distinct purposes. The uses of cost figures are, very broadly, twofold --
"accounting" uses, and "planning" uses. In the category of "accounting" uses are
included any ex post exercises in TIT-locating coots that have already been incurred
to outputs that have already been produced. The category of "planning" uses includes
any exercise involving the estimation of costs that will in future be incurred in
order to produce output. Thus an exercise which involved dividing recurrent expen-
diture in a past year by student load to produce a figure of recurrent expenditure
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per unit of student lond would fall into the "accounting" category, as would an
exercise to calculate the cost per student to the national economy in a past year.
On the other hand, an attempt to estimate the cost of producing graduates in tho
future, whether concerned with recurrenL or capital cost to the university, or cost
to the national economy, falls into the "planning° category.

There is thus a distinction between two broad concepts of cost. On the
one hand there is the ex post concept of cost as an allocation of past expenditures,
when cost is sunk and resources can no longor be reallocated. On the other hand
there is the concept of cost as an element in the decision-making process; such a
cost arises only at the point in time at which a decision relating to production is
made. It is at this stage avoidable. For "planning" purposes one is concerned
with avoidable costs only, as sunk costs have already been incurred and should not
therefore affect decisions about the future.

A simple example will clarify this important distinction. Let us suppose
that course X was taught last year and the resources used consisted solely of aca-
demic staff costing £10,000 altogether and building space-hours owned by the uni-
versity, the interest and amortisation of which amounts to £50,000 annually. The
total cost of mounting the course during the year was therefore £60,000. This
figure represents cost in the ox post sense of an allocation of past expenditure
(real and imputed). Now suppose that it is proposed to double enrolment to the
course in the following year and that this requires an exact doubling of staff and
space-hours. Suppose further that these space-hours currently lie idle in the
university. In ordor to decide whether to expand the course the university needs
to know the costs that 1::111 be incurred in so doing. The figure of £60,000 is not
relevant to the decision that must be taken, for £50,000 of it has already been
sunk; the space-hours nre there already. The cost of expanding the course is the
£10,000 required for academic staff, and this represents cost in the "planning"
sense. This is the figure of avoidable cost which is a factor influencing
deciSion-making.

Itwouldirb calculations of cost in order to
influence decision-making. The universit would not save in an real sens £60 000
b discontinuin the cours,s considered above. It would also be wrong to use the
iqure of avoidable cost to represent the amount of resources used to provide the

the course in the nast. This fundamental distinction must be ke t in mind throu h-
out this retort. In Part 2, where the object is to measure the coots already in-
curred and allocate them to various outputs, cost is used in the ex post sense. In
Parts 3 and 6, cost figures are required to aid decision-making, and consequently
figures of additional avoidable costs are presented. However in order to enable
comparisons to be made with the existing situation it is useful also to calculate
ex post costs as they would bo in the changed situation. 1-p_orta_ntlrever
to remember that the difference in the original situation
and that In the chant-Jed situation should not be used,to -justify making (or not
Lipkin:et) thejohangR. This is due to the existence of a substantial body of sunk
costs in the form of capital invested in land, buildings and equipment, and of
current expenditure committed to the maintenance of existing buildings. Costs
that have alread been incurred are no lon er avoidable and so should not be
allowed to influence future decisions,
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FINANCIAL AND L;CONOtirlc_ COABT

We consiAer new mle 13ntinoLion between the financial and economic costs
of a particular line of action. Whilst individual enivevolties will be practice be
concerned with financial costs, since these are the costs that must be net from
their recurrent and capital grants, national educational authorities will be con-
cerned with both financial costs, since these determine the level of grants to
institutions, and with economic costs since those reflect the demands of higher
education on the national (.1011.any.

In the context of an Individual university the dietiao-hion between finan-
cial and economic cost is as follows:

) financial costing is concerned with actual c sh outflows from
the university on maintaining, operating, and expanding the
university.

(b) economic costing is concerned with the derived demand of the
university for the services of factors of production. If those
faCtore provide services over several years, then their services
are costed on an annual basis, even though the financial outlay
to obtain the factors was made in a single year in the past.

Financial costing after the initial year produ es lower annual cost figures than
economic coating. To show why this is so, we emamina in turn the major cost items
from each costing viewpoint.

1. Accommodation

The construction ef university buildings in Britain is usually financed
by means of a capital grant from the University Grants Celiimittee for the construc-
tion of a specified new building. Thereafter the university is responsible for
maintaining the building from its recurrent grant; it is not responsible for paying
any dopreciati on charges on the building, except for the heavy capital equipment
such as boilers and lifts which have a shorter working life than the buildings In
which they are housed, nor for setting aside reserves for the eventual replacement
of the building.

(a) Financial Costing

Hene in financial costing terms, the annual cost of a bnilding to the
universi -comprises the following elements:

the purchase price of.the land on Which ,the.bui ding stands,
attributed solely:to the year in which the /and was bought
(or the annual rent if the 1andie rented).

the initial construction cests (less the_cost ef.heavy capital
equipment) attributed solely to the rear(s) durinc which the
building was constructed.
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(ill) the annual insuranoe payments

(iv) the annual maintenance costs

(v) the cost of adaptations to the builcing attributed
wholly to the year'in which they wera made

the annual d preciation charges on heavy capital
equipment.

Because of item (ii) the annual financial_cst of the building in the
first year(s) will be very high, but then drops steepIy to the normal level deter-
mined largely be items iii), (iv) and vi).

Alternatively, if a bUilding or part of a building is rented, the annual
rental will constitute the annual financial cost of that accommodation.

(b) Economic Costing

Since economic costing is concerned with pricing the services rendered to
the university by its resources over their period of use, we must find a basis on
which to cost the services of university accommodation.

To arrive at an economic cost, a university should amortise its capital
together with interest payments. The.-1 repayments would be made in equal annual
installments over the estimated life of the buildings, and their value would be
calculated by multiplying the capital (insured) value of the building by the appro-
priate discount and amortisation factor.

If the land upon which the buildings stand is owned by the university,
then it should be imputed the opportunity cost interest rate on the capital
supposedly invested ia the land. This imputed interest should be included who .her
the university bought the land or whether it was donated to it. Because such land
does not depreciate, no amortisation is required.

Hence the annual economic cost to the university of its accommodation cam-.
prises the following:

i) the annual inberest charges on the capital invested in the
land, but no amortisation since such land never depreciates.

the annual amortisation and interest payments on the capital
invested in-the building, less the capital invested in the
heavy capital equipment .

the annual insurance payments.

(iv) annual maintenance costs.

L11.

14



cost of adaphatio
terms as in (11

. _building expressed in annual

culnunl amortisation r interest on the capital Invested
in the heavy capital equipment.

These elements comp ise the imputed-rental_ of a university building through-
out its life.

As far as rented,accommodation isizoncerned, we may assume that the annual
rental comprises all five above-mentioned elements. In other words, the annual
economic cost equals the annual financial cost for rented accommodation.

Equipment

The costing of equipment is similar to that of accormodation.

The purchase of equipment by bile university is done on a once-for-all
basis; a machine is paid for in a particular year and thereafter maintenance
charges, but no depreelation, aro paid. Hence, undn' the financial costing system
the purchase cost of a new machine should be attributed to the course in the year
in which it was purchased, although it has a life of several years. This Is justi-
fied In financial costing, since all cash outflows from the university in a parti-
cular year must bo attributed to the relevant outputs.

In addition, the annual maintenance charges on the machine must also be
included in the financial cost, in subsequent years.

In economic costing, we are concerned with-costing the services rendered
by the equipment over its lifetime. Since the university can be looked upon as
borrowing the capital required to purchase an item of equipment, it must implicit3y
amortise and pay interest on that capital. The annual installments are computed
by multiplying the capital value of the equipment by the appropriate factor, and
these, along with the annual maintenance charges On bho equipment, nomprise the
economic cost.

In the caee of a new machine, its economic cost will be higher over time
than its financial cost because of the interest payments associated with the former.
Howevnr, the incremental financial cost will be considerably higher in the year of
purchase because a large proportion of the financial cost arises at that time.

Staff: Academic and-technical

The cosi of staff amounts to their annual salaries, superannuation and
national insurance payments. As far as the university Is.cencerned the en nemic
-cost of-amploying staff-iS the Same-ath 'the financial cost.
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4. EAtrinla

Materials are simply "consumables and therefore attributable to the year
in which they were purchased. Economic cost is the same -s financial coat.

5. Gene al Expenditures

These comprise the following main elements:

CI) expenditure on administration both centrally and
by departments

library expenditures

expenditure on study tacilities and student facilities.

They may be broken down into the first four categories of resources and
treated in the same way..

OPPORTUNITY COST

The concept of economic cost so far developed is valid only in the "account-
ing" context of cost. It is a satisfactory method of calculating the ex post cost
to the university of its activities in a past period. In particular it provides a
way of spreading the already-incurred costs of capital assets over the useful life
of those assets; it costs the servieua provided by the assets rather than the pro-
vision of the asset iteelf. However the concept is not sufficient for 'planning'
purposes, neither from the university's point of view nor from that of the economy
as a whole. In the 'planning' context the concepts of Opportunity Cost to the
university and Social Opportunity Cost (to the nation) must be used.

The Committse an Higher Education in 1963 recognised that the cost of the
higher education system to the public sector did not represent the full cost of the
system to the national economy, and commented:

"In the last analysis, the real cost of anything is what has to
be foregone in order to have it. Hence the real cost of higher
education is what could have been produced or enjoyed had the
means involved -- the use of buildings and materials, the ser-
vices of staff and students -- been available for other purpoaes

The ultimate cost of higher education is what is foregone
by devoting resources, including the potential earnings of stu-
dents, to thie purpose rather than to something else el

1. U.K. Committee on Higher Education, Cmnd 2154, (The Robbins Report ), H M S.O.,
1963.
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Thie accurately describes Social Opportunity Cost. If the body incurring
the cost is narrowed down from the nation to the University then we can speak-of the
Opportunity Cost to the university.

There are however major problems in measuring opportunity costs as the
alternative uses of resources are manifold, and there is no way of ensuring that the
most profitable has been identified. We now look at the opportunity costs of the .
principal university resources.

1. Buildings

Me conventional method of Imputing a rent to a building is to measure
the value of the capital invested in it (purchase of land, construction of buildings,
adapations made to it, and fixed equipment embodied in it), write off all except the
land over the estimated life of the building, and then to calculate the productivity
of this capital in alternative uees by assuming that the capital could be invested
at the ruling rate of interest. This is a valid method of calculating ex post costs
and is used in the calculations of costs in Part 2 of the report. It represents the
opportunity cost of the building at the time at which the decision to construct it
was being made. At th-t time the alternative of investing the capital elsewhere was
theoretically open, and consequent?.y the foregone opportunities of such alternative
investment represented the cost of constructing the building. However once the
building has been constructed and equipped the possibility of realising the capital
invested in it for some alternative use no longer existe. An asset of e highly spe-
cific nature has been created, and its scope of its potential use is mueh narrower
than when the capital was still In the fern of money. The original capi l cannot
be recovered; the only way it can be put to-an alternative use is by leas: e or
selling the building to some other user outoide the university. In other -ds the
free-market rent or sale price represents the opportunity cost of the built:5_ e to
the university. Now this varies from place to place. A general-purpose te-ehing
building belonging to a central London college is likely to be able to earn e much
higher rent or sale price in the market, than an identical building in Bradferd
where the commercial demand for office space is relatively low. Specialised
scientific buildings, though more expensive to construct, are likely to be faced
with a smaller alternative market than general-purpose teaching buildings.

For the purpose of opportunity costing, therefore, the imeuted rent for
the building ehould be based on its potential free-market rent rather than on the
expenditures sunk in providing the building initially.

In the case of rented buildings, the rent which the university actually
pays for these buildings ia the free-market represents their opportunity cost. The
university would actually have the amount of the rent in hand if it ceased to lense
the accommodation, and the buildings would be available to alternative users who
valued their contribution to their own output at least as greatly as the amount of
rent to be paid.

20 -Equipment

Like buildings, equipment is conventionally imputed a ren
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capital invested in it bein,g nitnrnntivnly invootnd olsourhore, at the ruling rate
of Interest. Again, as with buildings, the objection must be made that this repre-
sents the opportunity cost only at the moment of decision. Once the equipment has
boon purchased its opportunity cost bo the university is its realisablo value, either
for sale or leasing, and this realisable value is likely to be less than the ex post
cost to the university of obtaining it.

Staff

The opportunity cost to the university of the staff it employs is the
goods or services forgone as a result of not spending the money used for the employ-
ment of staff on the most productive alternative factors of production. Conventional
economic theory assumes that in a free market the price paid represents the productive
value of the factor to the user, and that the user will seek to maximise the pro-
ductivity of the resources he uses. Consequently the price paid for staff (salary,
superannuation, insurance, etc) reflects their opportunity cost to the university,
otherwise the university would not have employed the staff member but spent the money
on something else.

The social opeortunity cost of staff employed by the university is the
flow of goods and services foregone by the national economy as a result of the staff
not being employed in the most productive alternative. Conventional economic theory
assumes that the individual's contribution to the flow of goods or services in any
employment is measured by the price paid by theemployer for his work. It further
assumes that rational individuals in a free market seek to maximise their incomes.
Consequently the continuing employment of an individual in the university indicates
that there is no alternative employment in which he could make a greater productive
contribution than he already does. Thus the: price paid by the university may be
taken to reflect his social opportunity cost.

It is sometimes asserted that university academic staff could earn consi-
derably more outside the university world, and consequently their cost to Lhe univer-
sity is less than their social opportunity cost. If In fact they could earn more
outside then their social opportunity cost is greater than their cost to the univer-
eity, and one should strictly include in their cost an element representing the
extra earnings they forego in order to obtain the nen-pecuniary benefits of the
academic life.

4. Materials

In a free market economy the price paid by the university for materiels
may bp assumed to equal both their opportunity coat to the university and their
social opportnity coet.

5. Students

Although the university does not pay anything, in either a financial or
an economic sense, to secure the services of students, this does not mean that they
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represent a free input. The costs are borne by society in the form of the loss of

production Incurred as a result of students nut teking productive employment imme-

diately upon leaving school. This loss of production can be measnred by the earnings
foregone by the student, less any part-time or vacation earnings he may make. Any
calculation of social opportunity cost should therefore contain an element measuring
the net earnings foregone by students. Student maintenance awards, being a form of
transfer payment, do not represent a cost to the national economy und should not be
inclined in social opportunity cost; they de however represent expenditure by the
public sector, and sa should be included in public sector financial cost.

Cost in a Sub'ective Senee

It is apparent that the concept of opportunity cost, whether to the indi-
vidual university or to the national economy, is difficult to quantify. Only in
the case of materials can acteel expenditures be used without qualification. For
the other major elements of coet -- the imputed rents of buildings and equipment,
staff salaries and wages, and the foregone earnings of students -- approxiwc.tions
to probable narket prices are required.

Indeed one can take the view that not only a2e opportunity costs difeeeel.t
to quantify, but that they are,.in their very nature, subjective and ineerehle of

measurement. In assessing the alternative courses of action eefferent individuals
will place different values on them. The cost of any line of action, therefore, is
the valuation placed on its most preferred alternative by the person responeible for

taking the decision. Cost, consequently, is not an attribute of the product which
is predetermined as far as the would-be consumer is concerned but a judgement made
by the decision-maker or consumer and likely therefore to dif er between different
dec:',slon-makers and consumers.

Specifically in the context of expenditure on higher education, the coot
is not to be measured objectively In money terms, but subjectively in terms of the
foregone benefits of alternative expenditure on other levels of education, on other
government services, or on private investment and consumption. Valuation of such
benefits is determined by political rather than economic factors, It is important
to remember that one million pounds sterling saved in ano field does not necessarily
mean one million pounds sterling available for another purpose because the resources
it represents may not be interchangeable.

Similarly, within an individual university, the cost of introducing a new
course, or expanding an existing one, is to be measured in terms not of expenditure,
real or imputed, but of the subjective valuatians placed by the universityee planning
authorities on the alternative development proposals that will be excluded if the

proposal in question is adopted.

Furthermore there is no way of ceecking after the decision has been taken
(and the opportunity cost, therefore, incurred, even though much of the outlay has
yet to be made) that the decision-maker's estimate of cost was correct, because the

alternative line of action never happened and its benefits consequently could not

be measured.
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For the purposes of this report, which is concerned with identifying possible
onomies in the execution of the university's activities, this subjective concept of

cost is not particularly useful. Of more importance, are the financial and economic
outlay6 that will occur as a result of takinL; various lines of action. Consequently
throughout this report the tonm "cost", whether used in the ox post "accounting"
sense, or in the "planning" sense, in fact ni-nnnres outlayn of resources, not the
foregone benefits of alternative policies.

Cost Pre-determined by Revenue

A further complication in university costing arises from the fact that the
system of grants to universities in the Unitad Kingdom means that costs aro determined
in advance of the process of production. A university's recurrent grant for a parti-
cular year is known in advance and whatever changes in the method of production or
the level of operation may be made, the total amount of the grant will bo spent.
Any economies made in one sphere of activity will be taken up bT additional expendi-
ture in another; consequently, the total cost of the university's activities will
be unchanged. Savings in cost per stet:font can be realised simply by increasing the
number of students. Indeed it is impossible for the university to control exactly
the number of students enrolled in any one year; numbers may vary by abc'ut 5% of the
target figure due to year to y,ar changes in failure rates and to the floxibiltiy
of the undergraduate admissions system. Since the recurrent grants, and therefore
recurront expenditure, is already known, recurrent cost-per-student is subject to

a similar variation. In the short-run thoreforo the university seems to have no
way of reducing total costs, but an increase in numbers will perforce reduce the
cost-per-student, since total expenditure is fixed in advance and will not nol_.'mally
be increased as a result of accepting additional students.
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CHAPTER

OUTPUT-BUDGETING AND THE CALCULATION OF UNIT COSTS

The'technique of output-budgeting is becoming increasingly popuiae in

several sections of the public sector. Since its introduction in the United States
Department of Defence, its use has spread to most branches of U.S. federal and

state government activities, including education, and -be) some individual institutions.

Thue, since 1969, the University of California has presented its budgets to the

state government in this form. The concept has gained less ground in the United
Kingdom, but has been Investigated by, amongst several others the Department of

Education and Scicace.1

In this chapter its relevance within an individenl institution is considerod.

The term "output-budgeting" is a misleading abbreviation for the original terminology

of "planning-programming-budgeting system", or "FFBS" as it is generaely referred to.

The original terminology emphasizes the threefold process of the system, whereas the

shorter form magnifies the importance of the budgeting process at the expense of the

earlier and higher level processes of planning and programming. The essence of PPBS

is the close relationship created between the fundamentally routine process of bud-

geting and the policy decisions made in order to fulfil an institution's objectives.

The first vital step of introducing a planning-programming-budgeting
system is to define the objectives for which the inetitution exists. The second

step is to define the various programmes of activities that are being carried out,

or might be carried out, in order to fulfil these objectives. The third step is

to estimate the cost of theee programmeso In operation, FPBS involves the con-

tinuous monitoring of activities to see how the) coste work out and how well the

various programmes in fact fulfil the objectives. It further involves the constant

review of all programmes in the light of possible alternatives to see whether an

alternative programme might not better or more economically meet the institution's

objectives.

It is beyond the scope of this report to consider how PFBS could be

integrated into the planning systems of existing institutions, and we are awar

that this question is being studied as part of an OECD-associated project at

Chalmere University of Technology, Gothenburg, Sweden. In this report our aim is

modest: to consider whether it is possible to define and cost programmes of acti-

vity within an individual university, and if so, whether such costings would be useful.

The objectives of a university are notoriouely difficult to define, In ite

budget submitted in April 1960 and covering the period up to 1973-74, the University
of California sidesteps the issue by saying:

liThe primary goal of the University is ..... to contribute
to the public good by providing higher education 5ervice52"

10 United Kingdom, Department of Education and Science, Education Plannin _Faeer_Ne. 1

Output Budgeting for the Department of Education and_Scionoe London: BMSO, 19767--

2. University_of Oalifornia, A Program Budget: FY 1970-71 - FY 1973-74, April 1969
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It then immediately switnbee attention to the means of eoing this, and defines
three major programmes of activity -- instruction, research and public service.
It recognizes, however, that there are substantial groups of activities that contri-
bute to more than one of these programmes simultaneously, and cannot realistically
be divided. Consequently three more programmes are defines -- libraries, univer-
sity administration, and supporting services.-- and these programmes are given equal
status to the three original ones.

In the context of a British university, one would wish to distinguish
teaching and reeearch as separate objectives. "Bublie service" has never been of
the same importance in British as in American universities, but nevertheless the
number of contracts made with industrial concerns for research and other purposes
is growing and might rate as an objective in its own right. To these two basic
objectives a number of subsidiary ones may be added, such as the social welfare of
the members of the university (through the services of the Student's Union, Health
Service, Physical Recreation, counselling, residential accommodation, catering, etc.
and the placing of its graduates in employment.

There can be no one "right" definition of objectives. The provision of
student residential services may, to some, be an objective in its own right, whilst
to othere it is merely one part of the objective of teaching students.

It is a mistake to regard output-budgeting as a concept totally distinct
from existing methods, for the traditional methods of presenting university accounts
and budgets already contain elements of it, us certain projects and activities are
olready costed separately. One cen tell ot a glance the current) cost of, for
instence, the Students' Health Service.

Basically, however, university budgets and accounts are "object-orientated";
that is, expenditures are expressed in terms of tho resources on which they are spent.
Thus quinquennial submissions to the U.G.C., annual budgets, and annual accounts
show how much will be, or was, spent on, for instance, academic salaries, maintenance
of premises, or municipal taxes and rates. They do not however enable one to see
the cost of producing graduatee in partictelar subjects, or of pursuing research in a
particular field. Yet it is the cost of oroerammes that is relevant to planners,
both in uni rsities ond in severnmentio_onj=iseg_Secisxnandestingyi

rt nua. ones. The purpose of output-budgeting is to make available
to planners cost data relating to alternative programmes of activities, so that the
planners, in making their decisions, are better able to assees the demands they are
placing on the finite amount of resources at their disposal.

Univereity planning ie about matters such as eatablishing a nuw department,
introducing a new course, increasing enrolment to an existing course, and building
residential accommodation. Output-budgeting seeks to make available the cost of
activities such as those. Consequently the programmes must be defined in terms of
specific courses, and of specific research projects. In this part of the report,
we define each undergraduate course as a programme, although no attempt is made to
distinguish Honours and Ordinary students in the same discipline. We confine our
attention to undergraduate programmes only.



It Is apparent that a coherent set of programmes can bo defined for a
uhiversity. The approach adopted here takes the narrow view of what constitutes
a programme -- thus activities such as.physical recreation are noteregarded as
programmes in their own right but are treated as contri.butory activities to the
mnin programmes of teaching and research.

In Part 2 of this report, nineteen prograetes, each co responding to an
undergraduate course, are defined, and their cost to the university in 19(.19-70 is
calculated.

In Part 6 individual proposals for expeeding coursee or introducine new
onee are defined as programmes and their cooto are calculated.

The major difficulty that has been found in costing the undergraduate
programmes is the treatment of joint-costs -- the costs, that is, of resources
that contribute to more than one programme and help to produce more than one type
of output. One member of staff both teaches students and pursues his own research,
and in the present climate, it is fundamental to his successful operation in either
of these fields that he also operates in the other. Even if the distribution of
his time between theee two activities could be accurately measured (and there are
reasons for doubting that any such meaourement can be accurate) there would still
be strong objections to attributing his cost in the same proportion. The objection
is based on the assertion that even though part of his time is spent on research,
that expenditure of -blue (and therefore its cost) must unavoidably be incurred if
the university is to secure his teaching services; since this research expenditure
must be incurred then it should be regarded as part of the cost of undergraduate
teaching.

We have attempted to reeolve this problem by preeenting in Part 2 only
costs directly attributable to undergraduate courses -- the cost of staff time
(and teaching, accommodateon, equipment and materials) devoted to other activities
kincluding reeearch) has been extracted from the cost figures presented. In Part 6,
however, where the purpose is to calculate the costs that will be incurred if
certain proposals relating to undergraduate courses are adopted, alternative sets of
costs are produced. One set (which we call "full cost") includes the full cost of
the extra staff required, including the cost of the time devoted to other activities.
The other set of costs ("part cost") contains only the cost of that part of staff
time actually devoted to the undergraduate proposal under consideration.

It has been found in the process of costing existing undergraduate courses
that virtually every resource used by the university contributoe to the output of
more than one programme -- nearly all costs are, in one way or another, joint-costs.
Academic staff teach and pureue research; technical staff service teaching and
reeearch laboratories; classrooms, laboratories and items of equipment are used by
students on different eourses; materials are purchaeed on behalf of schools of study
and it is difficult to find which course they are ultimately used by; library, central
administrative and student facilities are used to differing degrees by staff and
students from different schools of study. Althoueh in Part 2 an e uitable distrIbu-
tion of costs over different outeuts is achievege it is Important to remember that

the figure conseouentl uoted as the "cost" elf a particular course reflecteeenot only
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the resources devoted to that_gagraqi_iyalla_g_u_iaint_us2_2L_LLoaa_222a_rap_213Nces
fori_2therroffrarintand the aost ef_thD.tirdeduring_which they were
not used at all. The uae of output-budgeting techniques to measure ex 1)ost costs,
as is done in this part of the report, nust be treated with caution; in budgeting
for tho cost of proposed changes to the pattern of activity, as is done in Pa2t 6,

it is much mere meaningful.

Hethod of Calculatinq Unit Costs

We describe now the method used to calculate the unit costs of teaching
undergraduate students in each separate discipline at the University of Bradford
in 1969-70. The costs calculated are ex post economic costs to the University
Grants Committee. They do not represent social opportunity cost because the fore-
gone earnings of studento are not Included, nor do they represent the full public
sector cost as no allowance is made for students' maintenance grants. They are ex
post costs as opposed to true opportunity costs, because the capital invested in
buildings and equipment has been valued in terms of what the capital could have
earned if it had been invested elsewhere, rather than in terms of what the physical
assets could now earn outside the university.

Costs are.calculated on an annual per student basis. These flre subdivtand

under the fellowing'headings$

(1) Capital and maintenance costs

(2) Teaching Costs (Salaries of teaching and technical
staff and expenditure oh teaching equipment and
materials)

3

(4)

(5)

Aldministrative expenditures

Library expenditures

Student facility, general educational and
miscellaneous expenditures

The University of Bradford runs "sandwich courses" in which either a mrt of some
academic years or one whole year is spent outside the university for the purpose
of industrial training. Those courses that require a part of several academic years
to be spent in industrial training are known as "thin" sandwich courses; courses
in which __.r.lameIlaa_Elm is spent in industry are known as "thick" sandwich courses.
The total duration of a sandwich course is four years. Other courses have no indus-
trial training and last for throo years only.

1. Ca ital. and Maintenanceilula

These costs comprise annual interest and amortisatian on buildings, non-
teaching equiprien t and furniture, and their maintenance costs. The capital sums
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represent the insured valun in 1969 of the items concerned. The insured value was
multiplied by the appropriate discount and amortisation factor at 7% over a period
of fifty years.3.

For example the "Main Building" of the University of Bradford has an
insured capital value including non-teaching equipment such as furniture) of
£3,675,174. With an interest rate of 7% and amortisation of fifty years, the dis
count and amortisation factor for annual repayments is .072460. Thus, the annual
capital value of the building and non-teaching equipment is £3,675,174 x .072460 =
£266,303. To this is added the value of the site upon which the building stands --
£23,000 multiplied by 7% only, since land never depreciates and need not be amortised.
This amounts to £1,610. (In the case of rentud buildings the actual annual rental
is used instead of the amortised capital amount.

Annual maintenance expenditure4 and municipal rates attributable to the
Main Building of £221,318 are also added, summing to a grand total of £489,231. This
is then divided by the 336,717 total weighted square feet of usable area in the Main
Building. The result was a figure of £1.45 for the annual capital and maintenance
cost per weighted square foot of usable area.

"Usable" area is defined as space used for some Identifiable purpose in
connection with teaching, research, administration or facilities. It excludes what
the U.G.C. call " balance" area, such as corridors, cloakrooms, etc.

The concept of weighted square footage is used to allow for the fact that
laboratory space is mere expensive to construct and maintain than general teaching
and office space. In the case of general purpose space, rooms aru costed by multi-
plying the actual square footage by the cost per weighted square foot (£1.45); labo-
ratories are costed by multiplying the actual square footage by the weighting factor5
and then by the cost per weighted square foot.

The total usable space is analysed into different types of rooms as shown
in Table 2.1 and the annual cost of each type of accommodation computed incorporating
the laboratory weighting factor.

3. A rate of 7% is used as representiag the current long-term rate of interest of
around 10%, leas ite estimated Inflation element. A period of fifty years is used
since it is the figure amployed in the U.S.A. by the National Committee on Stan-
dard Reports for Institutions of Higher Education.

4. Maintenance expenditures here comprise annual insurance premiums on the buildings,
expenditure on materiale (i.e. cleaning requisites), water charges, heating, wages
and salaries of porters, cleaners and superintending staff, etc. and miscellaneous
expenditures such ae window cleaniag.
The weights used are derived from U.G.C. norms of permittcd capital cust published
in "Non-Recurrent Grants: Notes on Procedure, 19691?, and are as follows: Physics 1.38;
Chemistry 1.65; Biology 1.57; Pharmacy I.65;.Engineering 1.67; Textiles 1.67.
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Tabl) Area and Annual Cost of Differe t T )es
21:2t41119datign: Main BUi1ding_1969 70

Actual Area
(sq.ft. )

Allocated CostM
Classrooms 41,486 60,156
Laboratories 134,947 307,857
Academic Staff Offices 25,852 37,485
Administrative Staff Offices 13,450 19,502
Study Facility Space 11,315 16,407
Student Facility Space 27,982 40,574
Staff Facility Space 5,000 7,250

TOTAL 260,032 489,231

Study farility space consists of librari s and reading rooms; student facility space
conists of refectories, students' union offices, gymnasia, lodgings office, etc.;
staff facility space consists of staff common rooms and dining rooms.

A similar analysis has been carried out for each-building in the univerolty.
including halls of residence and student flats owned by the university. Interest,

at the rate of 7%, on the current-value of the sites of playing fields is included in

the figure for student facilities.

The method of distributing space costs between different categories of

students is as follows:

(a) Class ooms and Laborat ries

Timetables for all classrooms and laboratories have been analysed and their

costs a e allocated to different disciplines in proportion to the time they are used

by each discipline. Thus a room used 8 hours a week for postgraduate work, 8 hours

for the undergraduate course in Mathematics, 8 hours for thu undergraduate course in
Chemistry and empty for the remaining time, would have its costs allocated in three

equal parts to the three categories of ueer. The cost of unused room-hours conse-
quently is spread over the users in proportion to the amount of their use. The break-

down of use takes account of service teaching given by one school to students of

another discipline.

(b) Academic Staff Officee

The cost of academic staff offices attributable to undergraduate work as

a whole (ae distinct from postgraduate and other activities) is taken as being directly

proportionate to the time that academic staff devoted to undergradunte work out of

their total working time. This proportion is derived from a survey of the use of
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academic staff time in the University of Bradford in 1968.6 The survey found that

the proportion of total term-tIme working time devoted to undergraduate work varied

between 47% in Physical Sciences and 61% In Social Sciences, the average for the whole

university being 52%.

Concerning undergraduate work during vacations, the Robbins Report quotes

20% as the proportio:_ of vacation time that is devoted to undergraduate work. This

figure is used in association with the term-time proportions found in the Bradford

survey-, to give overrii 1 annual distributions of staff time in each of the four Boards

of Stud

That proportion of the coat of academic staff offices that was attributable

to undergraduate work as a whole, was then allocated to individual disciplines in

proportion to the actual amount of timetabled teaehing.

c) Ac3mthistratiStctff Offices

The cost of offices of School (departmental) administrations and clerical

staff was equally divided over all students registered in the School. The cost of

offices of central administrative and clerical stnff was equally divided over all

students in the university.

(d) StUdv Facility Space

The cost of libraries-and readings reoms-was divided- over'all students in

the university with'postgl'aluates weighted as 2, to reflect their'greater nte,of

library facilities.

( ) Student and. $taff Facilitir_Spa e

The coatis of this accommodation was divided over all students in the uni-

versity with students on "thin sandwJch" courses weighted as *because these courses

comprise two intakes per year, the etudents of only one of which are present in the

university.at any one time the other receiving training in induttry.

Teaching_Oosita

These comprise eie anjfeal salaries, suPerannuation and insurance of academic

and technical staff, the nnnual value of teaching equipment, and.expenditure on

materials used in teaching.

The cott of academic staff is split firstly between undergraduate and other

work, and secondly between under,Iraduate disciplines, in the same way as the cost of

academic'staff offices. :Thns,on average, 43%,(52%_of 33.termWeekt plus'20%'of 13

non-holiday vadation weeks) of academic staff coots are attributable to undergraduate

.This eoStis spread ever disc1131111661.n proportion tO the amount of timetabled

-teaChing carried-out4'Making dUe allowande fez. "tervice teaching" between departmentS.

6. R, K. Khanna and N, Shattock; Analysis of University Staff Time (unpublished

paper of the University of Bradford, 1968)
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The costs of technical staff are treated differently. Since the raison
d'etre of technical staff is the servicing of laboratories, their coat has been
attributed to undergraduate or other work in proportion to the ratio of undergraduate
teaching to research laboratories. Thus if 25% of a department's laboratory space
consists of undergraduate teaching laboratories, as opposed to post-graduate and
research laboratories, then 25% of the cost of technical staff is attributed to
undergraduate work. Chapter 12 of this report contains a fuller justification for
this method of allocating technical staff costs. The costs attributable to under-
graduate work are then distributed between courses in proportion to the use made of
each laboratory by each course.

The total accumulated purchases of teaching equipment by each department
oVer the five years since Bradford became a university, is taken to represent the
capital value of this equipment. Annual capital value is calculated at 7% over 15
years07 To this is added expenditure on teaching materials by each depsrtment during
1969-70. A proportion of this sum is then attributed to undergraduate work on the
basis of-the university's Form 3 returns tothe U.G.G.

. Administrative Expenditures

Central administrative expenditures comprise salaries and fringe benefits
of all central university administrative and clerical staff, and expenditures on office
equipment and materials. The total expenditures are equally distributed over all
students in the university.

School administrative expenditures include salaries and expenditures on
school office equipment and materials. The total administrative expenditure in each
school is divided among the students in that school an the baais of full-time under-
graduate equivalent students, weighting postgraduates as 2.

Library Expenditures

The annual value of the library's stock of books and periodicals is assumed
to eqnal one year's expenditure. To this is added the salaries, etc. of library staff.
The total expenditure of the library was distributed between undergraduate, post-
graduates and academic staff and between undergraduate disciplines, on the basis of a
points system used by the university in allocating library expenditures between disci-
plines. The points system is designed to reflect the demands made on the library by
different types of students and by staff in different subject fields.

5. SthdentFacilit3r. General and tisce1laneou s Expenditures

This includes the.operatino deficits on refectories and halls of residence,
etc ,revenue contributions to the Student's Union, and to sports medical and welfare

7. National Committee on-Standard Roporte for Ins itutions of Higher Education
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activities. Also included are a variety of miecellaneous expenditures such as exter-
nal examiner's fees, hospitality, expenses payments, etc. Those aro distributed
equally over all students,

The coots produced fer undergraduates in each discipline are presented and

analysed in Chapter 3. *

gr.gzugE Or_ 1MTH0D ADOPTED

It is useful at this stage to evaluate the meaning of the fieures produced,

and to pose the question: "How far do they represent the costs incurred by the
university during 1969-70 in teaching undergraduates on various courses?" The question

is of two parts: "How far is the total right?" and "How accurate is the distribution?"

The first part of the question has been considered in Part 1 of this report.
The figures quoted in Chapter 3 meaeere costs in an ex post sense; they put a value
on resources used, but do not distinguish between costs that had already been incurred
and those which were actually incurred during the year in question. Insofar as the
figures put a value on resources used by the university one must express reservations
about the imputed costs of the services provided by buildings, equipment and library

books.

The capital value of buildings and non-teaching equipment is based on their

insured value in 1969-70. The use of this figure is open to criticism on two grounds:
that it is an estimated value, and that it represents the coot of replacing the build-

ing at current prices. Although the estimate is made by professionally qualified
people, it is nevertheless ea estimate and consequently not proven in an open market.

The second criticism is more serious -- if the object is to put a value on resources
used, then it might be more relevant to use the actual construction Cost of the
building and the purchase price of its fittings and furniture. Current value has been
used since the intention of cost figures is to measure the opportunity costs of con-

tinuing to use the buildings and equipment, but one must bear in nind the.fact that,

in practice, the possibility of disposing of them at that price is not open. In the
light of this, historical cost might have more meaning. On the other hand, one could
validly argue that the occupation of accommodation by a particuaar School of Study
contributes towards the complete usage of existing accommodation, thus pushing some
future School of Study into newly constructed buildings. Since such buildings woule
be built to the U.G.C.'s cost norms, it is tenable that the cost of existing accommo-
dation should be regarded as equal to the ccst of new accommodation. It would follow
from this that the value, historic or current, of existing actual buildings should be
totally ignored and all existing space costed at the rate necessary to obtain new
accommodation, either purpose built to U.G.CO norms, or rented on the open market.

The figures quoted for the annual cost of buildings and non-teaching eaulp-
=zit are open to the further criticism that they are dependent on the rate of interest
and the period of amortisation chosen. These together have a significant effect on
capital cost per student. For example in an exercise relating to the academic year
1966-67 the cost por student for the four years of the undergraduate couree in



Mechanical Engineering wao calculated at £3,410 of which L2,548 was capital and
maintenance costs based on an interest rate of 7% and an amortisation period of 50
yeara,- To show the effect 01 changing either of these factors, casts have been
recalculated en alternative bases and the results are shown in Table 2.2.

It is clear that the choice of interest rate and amortisation period has
considerable effect on cost per student. In the case of Mechanical Engineeripg the
difference between 7% over 50 years (as used-1n this,report) and 10% over 60 years
(as Used by the D.E.S. in Planning Paper No. 2) amounts to £38' per student over the
four years of the course.

Table 2.2 Cos r Student in Relation to Int: t Rate
d Period of Amortisation

(Mechanical Engineering, 1966-67)

1) Capital &Naintonance Coats
(2) Other Costa
(3) Total Cost per Student
4) Capital &Maintentnce Costs

as a proportion of Total
Costs (1) x 100 / (3)

Interest Rate and Amortisation Period

7%/50ire 10%/60yrs 5%/100yrs l5W20yrs

.£1548 S1936 £1287 £2619
1862 1862 . 1862 1862
3410 3793 3149 4481

45% 51c/ci 41% 58%

The rate of interest and period of amor isation seem to us reasonable, but neverthe-
less to some extent they are arbitrary, and other, equally reasonable, values might
have been chosen.

In summary, the capital element of the costs quoted in Chapter 3 must be
tr ated with caution, since they are 11:101122 costs not market-determined costs, and
are based on a number of arbitrary and partly subjective estimates.

The annual costa of the services of teaching equipMent and library books
are aise somewhat arbitrary, based on the assumption that the average new purchases
in a year represent the annual value of the accumulated stock. In the absence of
any valuation of the stock of teaching eqvipment and booka, there is no alternative
to a figure based on annual additions to the stock. Nevertheless it means that these
figures also must be treated with caution.

When one considers the distribution of costs between different disciplines
further reservations must be expressed. The distribution of academic staff time bet-
ween undergraduate work and other activities, which is crucial to the distribution
f many items of cost, is based en'Arely on a diary covering a two-week period in 1968,
and on estimates of vacation activities made by the Robbins and Hale committee in 1963.
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However accurate theae figuros may have been at the time, they are always liable to
change over time. Our quoted cost figures assume the continued validity of distri-
bution of staff time. Furthermore the distribution of acad,,mic staff time between
different undergraduate disciplines is based on the relative amounts of timetabled
teaching. It is assumed that timr) apent in preparation and marking is proportional
to actual teaching time as between different courses, but we have no conclusive
proof that this is so. Similarly technical staff time is disbributed in proportion
to timetabled laboratory periods, although it may be the case that the technical staff
back-up varies between different laboratory meetings.

The division of teaching equipment and materials costs between undergraduate
and other activities is based on proportions derived- from the Form 3 returns to the
U.G.C. These are themselves based on partly-subjective estimates made by professors.

The allocation of many-central costs, both actual expenditures and the
imputed.costs of accommodation, equally over all students'(with some limited-weighting
of postgraduates and students on,sandwich courses ) is also arbitrary to some extent.

The cost figures quoted InChapter 3 represent the best attempt that could
at the present be made to evaluate the resources used by different undergraduate-
courses. It has been necessary te make certain assumptions and some relatively
arbitrary allocations. These do not invalilate the figures but imply (7,9114:Ion in the
use to which they are put.

.2.11
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CHAPTER 3

UNIT :OSTS OF UNDERGRADUATE COURSES AND THEIR PRINCIPAL COP0NETS

In this chapter we look at the items making up the cost of students on
different courses, and consider the principal variations between courses.

Detailed cost figures are given in 1..ppendix 2, where for each undergraduate
course the total cost and the cost per student are shown. These are broken down by
year of course and by item of expenditure. Appendix 2 also shows, for each course,
the proportion of total cost-per-student that each item constitutes.

Table 3.1 below shows .the cost per student for each course.. The costs cover
all years of tho course, and so represent the-coot of teaching one student for the full
three, or four, years of the coUrse. They are broken.down to show the relative pro-
portions of:

) .capital and Maintenance costa,
b) teaching costs,
c) administrative, library, student facility)

general and miscellaneous expenditureS0

Only tho proportion of capital, teaching and administrative costs directly applicable
to undergraduate instruction is included. Academic staff time and building space
attributable to other objectives are excluded as described in Chapter 2.

Courses are arranged in two groups: those with substantial laboratory
teaching2 and those without.

Table 3.1 Total Cost per Student
(1969-70

I
Co.irso

Capital and
haintenance

Costs

Teaching Costs Administrative,
Library, Student
Facility, General
Et Misc. xpendit.

Total
Cost
Per
Student

E
% of

'Total
p of

Total
E

_

% of
Total

LaboratorY Based Course

908
1030
1278

1768
49

35
41
36

44
27

1089
956

1769

1679
1639

43
38
49

42
53

560
523
556

544
622

22
21
15

14
20

2557
2509
3603

3991
3110

Chemical Engineering
Civil Engineering
Electrical Engineering
Industrial Technology*
Mechanical Engineering
Applied Biology

continued
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Course

Capital and
Maintenance

Costs

Teaching Costs administrative,
Library, Student
Facility, General
& Misc. Expendit.

Total
Cost
Per
Student

2
% of
Total '°

% of
Total

2
% of
Tota

E

Pharmacy 1446 44 1329 40 519 16 3294

Chemistry 1915 49 1332 34 627 17 3874

Colour Chemistry 1888 48 1517 39 513 13 3918

Materials Science 1134 31 1874 51 672 18 3680

Opthalmic Optics 1011 34 1484 49 504 17 2999

Applied Physics 1375 36 1635 46 672 18 3682

Textile Science 1245 40 1290 41 621 19 3156

Classroom Based C urses

Business Studies 710 34 693 32 711 34 2114

Modern Languages 218 34 748 32 820 34 2386

Social Sciences 548 34 475 30 609 36 1632

Applied Soc. Stu lies 676 36 419 22 C12 42 1907

Mathematics 907 39 744 33 656 23 2307

Statistics 563 31 613 35 599 34 1775

* Excluded becauso by 1969-70
course.

ents only enrolled in the first 2 years of the

One would expect there to bc differences in cost between courses due to

the nature of the subjects taught, and especially to the amnunt of laboratory space

and equipment required. Thus classroom based courses are considerably cheaper

(21632 - E2386 per student over all years of the course) than laboratory baseci courses

(22509 23991). The comparison is even more marked than appears from the ranges

alone. If one excludes Chemical Engineering (whose undergraduate course in fact

Includes little laboratory work as this 4.9 mostly done during the industrial training

period) and Civil Engineering (who have .,Ilosequently moved into a new building with

more laboratory space) -the range of costs for laboratory based courses narrms to

£2999 - 23991. Within the category of laboratory based courses there is no difference

in cost between engineering and pure science courses as such, which is perhaps sur-

prising.

Of the three elements of cost distinguished in Table 3.1, capital and main-

tenance costs vary between 2849 and 21915 in laboratory based courses and 2548 and

£907 in classroom based courses; in general capital and maintenance costs in labora-

tory based courses are approximately double those in classroom based courses.

Teaching costs range between £956 and E1874 in laboratory based courses and

between 2419 and 2748 in cI.tssroom based courses; again costs in laboratory based

courses are approximately double those in classroom based courses.
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Administrative, library, student facility and.general expenditures range
from £504 to £672 in laboratory bdted courses, and from £599 to £820 in classroom

based courses.

Table 3.2 correlates each .of the three cost-heads with trotal cost per
student, analysing laboratory based and clasarooM based courses separately. As one
might expect, there are significant correlations between total cost per student on
the one hand, and both capital and maintenance costs and teaching coo-to on the other.

Table 342 Correlatlon'of Cost-heads with Total Costner-Student

Cost Head

Laboratory-based Courses Clessroom-based Courses All Courses

Correlation
Coefficient

Signifi-
canoe P

Correlation
Coefficient

Signifi-
canoe P

Correlation
Coefficient

Signifi-
canoe P

Capital and
Maintenance
Costs

0.8029 <0.01 0.9424 <0.02 0.9013 <0.01

Teaching
Costs

0.7046 <0.02 0.8082 410.10 0 9187 .

Administra-
tive, Lib-
rary Facia-
ity, etc
Expendit.

0.2735 ---- 0.5463 --...... -0.3875 ---

Despite these high correlations, there are differences between courses in
the proportion that each cost-head constitutes of total cost per atudent. Capital
and maintenance costs vary between 27% and 49% in the case of laboratory-based courses,
although two-thirds of the'courses are in the range 34% to 44%; for classroom-based
courses the rang%, ia only 31% to 39%.

Teaching costs varybetween 34% and 53% in laboratory based courses and 22%
and 35% in classroom based courses.

Administrative, library, etc. expenditures vary between 13% and 42%, giving
insignificant correlationa. One would expect poor correlations for this group of costs
as in absolute terms it varies less between courses; indeed one can conclude that the
wide range in the proportion Of this category to total costs reflects changes in the
absolute size of capital and teaching costa.

It is instructive to note the differences in cost be ween apparently simi-
lar courses, especially the capital and maintenance item. Chemistry's capital and
maintenance cost is £1915 per student whereas Applied Biology's is only £849, less
than half as much. Mechanical Engineering (operating a thin sandwich course with

3.3
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two student entries a year and a 42-week tocal teaching year) has capital and main-
tenance costs of £1768 whereas, perhaps surprisingly, in Civil Engineering (operating
a thick sandwich single entry course for only 30 weeks of the year) it is only £908.
Similarly there are substantial differences in teaching costa between courses, Mater-
ials Science (E1874) being twice as expensive as Civil Engineering (E956) in this
respect.

Direct Cost Com onents

We n w concentrate attention on the direct costs of each courae that is
those items of cost that can be directly attributed to particular courses, as opposed
to central costs which must be allocated as averheads. '

These direct costs are shown in Table 3 3 and consist of;

1) Capital and maintenance costs of classrooms and
teaching laboratories (Col. 1)

(2) Academic staff expenditures Col. 2)

(3) Technical staff expenditures (Cola 3

(4) School secretarinl staff expenditures, plus capita_L
and maintenance costs of offices for academic and
school secretarial staff COol. 4)

Teaching equipment costs and expenditures on
materials (Col. 5)

Total direct cost per student is shown in Col. 6, and tne preportion that this com-
prises of total cosT. per student is shown in Col. 7. The proportions that the res-
pective items constitute of total direet cost per student are also shown,

Table 3.3 Direct Cost Components

Course

Teaching
Space

1

Academic
Staff

(2 )

Technical
Staff

(

Secretarial
Staff plus

Offices

(41

Equipment
and

Materials

(5) .

Total
Direct
Costs

6

; of
Total
Cost

7)

Laboratery
Based ,CoUrbee

E

580
613
882
1388

32
37
32
44

617
458

1073
981

34
28
38
31

204
240
352
452

%

11
14
14
14

128
93

.144
120

7
6

4
3

268
258
344
240

,

15
15
12.
8

1797
1662
2799
3187

%

70
66
77
79

Chem. Eng.
Civil Eng.
Elec. Eng.
Mech. Eng,

continued
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Course

Teaching
Space

(1)

Academic
Staff

(2)

Technical
Staff

(3)

Secretarial
Staff plus

Offices

(4)

Equipmt
and

Materials

(5)

Total
Direct
Costs

(6)

of
Total
Cost

7)

E % E :6 ' % %

App. Biology 416 19 946 43 339 15 145 7 354 16 2200 70

Pharmacy 1026 42 549 22 474 19 114 5 306 12 2469 75
Chemistry 1482 49 600 20 432 14 187 6 300 10 3001 77
Colour Chem. 1465 47 785 25 432 24 156 5 300 9 3138 80

Mat. Sci. 618 23 982 37 472 18 164 6 420 16 2656 70

Opthalmic
Optics

624 28 815 37 354 16 123 5 315 14 2231 74

App. Physics 859 32 743 28 472 18 164 6 420 16 2658 72

Textile Sci. 777 34 696 30 468 20 224 11 126 5 2291 73

ClassToom
Based_Courses

Business
Studios

284 24 486 41 42 4 204 17 165 14 1181 56

Mod, Lang. 258 22 624 53 64 5 176 15 60 5 1182 50

Soc, Sci. 188 24 406 52 18 2 114 15 51 6 777 47

App. Soc.
Studies

116 17 327 49 24 4 136 20 68 10 671 35

Maths, 339 27 652 52 172 14 92 7 1255 55

Stats. 126 14 544 62 144 16 69 8 883 50

It may be seen from Table 3.3 that direct costs form 66% to 80% of total
cost per student in laboratory-based courses and 35% to 56% in classroom-basod courses.
Overhead costs thus represent a high proportion of total cost per student. In absolute

terms the rd1ative costliness of laboratory based courses is more marked in terms of
direct costs than in terms of total costs; thus direct costs in classroom based courses
range from £671 to E1255 per student, whereas those of laboratory based courses vary
between £1662 and £3187, approximately two and a half times as much.

Table 3.4 presents averages, weigh:;ed by the number of students on each
course, of the components of dtrectcost for laboratory based and classroom based
courses.

With the exceptien of secretarial staff and academic and secretarial offices
(Col. 4) each item of direct cost is greater for laboratory based than for classroom
based courses; teaching space cost por student is four times- greater, academic staff
expend!.ture 504 greater, technical staff expenditure twelve times greater, and equip-
ment and materials coots twice as great.

3.5
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Table 3.4 Direct Coat Components - Weighted Averages of
Cost- er-Student

Teaching; Academic!
Space Staff Y

(1) (2)

Technical
Staff

Laboratory
Based Courses:
Coat per
Student
% of total
direct cost

Classroom
Based Courses:

Cost per
Student
% of total
direct cost

£885

37

£226

22

£741

31

E496 1

48

Secretarial!Equipment
Staff plus 1 and
Offices INaterials

(3) , (4) (5)

E368 £135 £295

15 5 12

£29 £149 i £130

14 13

Total
Direct
costs
(6)

£1030
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Within the two groups hawever, there are consi-erable differences between

individen1 courses, so can be seen in Table 3.3. The cost of teaching space varies
between £416 per head in Applied Biology and £1482 in Chemistry; Academic Staff Cost

per student varies between £458 in Civil Engineering and 21073 in Electrical Engineer-

ing; Technical Staff Cost varies between £204 in Chemical Engineering and E474 in

Pharmacy; and Equipment and Materials Cost varies between £240 and £420. (In the

latter case, Textile Science may be discounted as it shares its laboratories and

equipment with the local authority technical college.) There is leas variation from

the average amongst the classroom based courses.

Table 3.5 correlates each of the items of direct cost with total direct

cost per student, analysing laboratory based and classroom based courses separately.

It can be seen that teaching space cost and technical staff cost are both strongly
correlated with total direct cost, and that, to a lesser extent, academic staff cost

is significantly correlated with total direct cost, particularly for classroom based

courses. The high correlation of equipment and materials cost with total direct cost

over all courses must be treated with caution in the light of the insignificance of

the correlation fer laboratory based courses.

Table 3.5 Corre1ation of Individual Item- of Cost
With Total_Direct Costeer S udent

Item of
Cost

Laboratory-based
Courses

Classroom-based
Courses

1111 Courses

Correlation
'oefficient

Signifi-
canoe P

Correlation
Coefficient

ignifi-
canoe P

Correlation
Coefficient

Signifi-
cance P

Teaching
Space

Academic
Staff

Technical
Staff

Secretarial
Staff plus
Offices

Equipment &
Materials

0.8169

0.4902

0.7235

0.3228

0.1924

<0.01

__

.02

-_

--

0.9156

0.8528

0.8628

0.8496

0.5190

0.05

0.10

<0.10

<0.10

__

0.9133

0.7344

0.9275

0.0619

0.7927

<0.01

<0.01

--

1.

0.01

In Appendix 2 the costs of teaching accommodation for each course are

shown for classrooms and laboratories separately. On average laboratory cost per

student is six times greater than classroom costs in laboratory based courses; in

non-laboratory based courses, claseroom costs are five times greater than laboratory

costs.

3.6



As one would expect laboratory cost per student is closely related to the
area of teaching laboratories in the school running the course. For undergraduate
courses the coefficient of correlation is 0.3639 which is significant at the 1% level.
Similarly there is a close relationship between the classroom and laberatory area
per student in different schools of study, and classroan and laboratory cost per

student. A coefficient of 0.8562 (significant to 1%) was found for laboratory based
courses. Variations in the capital and maintenance cost per square foot of different
buildings, and differences in the level of utilisation of laboratories in different
schools of study, prevent perfect correlations. The problem of improving the level
of utilisation and its effect on cost per student is considered in. Part 5 of this
report.

It is.clear from the figures quoted so far that laboratory coats are a
highly significant element of cost per studsnt, and that economies in laboratory cost
per student will have a substantial proporbionate effect an total cost per student.

SUMMARY The Structure of Costs

The etructure of the unit cost figures may be summarised in broad terms as
follows:

(a) Laboratory based courses

Teaching accommodation
Academic staff
Technical staff
Equipment and Materials
Secretarial staff, and offices

- almost 40% of direct cost
- about 30% of direct cost
- about 15% of direct cost
- about 10% of direct cost
- about 5% of direct cost

To the direct cost must be added an "overhead" of 0750 to £1000 (approximately
20% to 30% of direct ,cost) representing the cost of the library, central administration,
student facilities, etc. The absolute amount of the overhead cost varies according
to the length of course and whether there are one or two intakes of students each year.

(b) ClassrooM ba ed courses

Academic staff - about 50% of direct cost
Teaching accommodation - about 20% of direct cost
Equipment & Materials - about 15% of direct cost
Secretarial staff, and offices - about 15A, of direct cost

To the direct cost must be added an "overhead" of 5;850 to £1000 (approximately
50% to 65% of direct cost.) The reason for the absolute size of the overhead cost
being so much greater for classroom based courses, is that library expenditure per
student is approximately 3 times greater for students or, these courses than for labo-
ratory baaed students.
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Organisation_of the -"T-Se

So far we have distinguished between courses on whether they wore laboratory
based or not. A further useful distinction is by the length and broad structure of
the courSe; and to -"lis end five oatagori-oz4 can be distinguished:

(I) Conventional 3-year courses:

Pharmacy
Mathematics and Statistics B.Sc. Ordinary)-
Opthalmic Optics
Business and Administrative Studies
Social Sciences

Students on these courses spend the whole of their time (9 full terms)
in the university.

Conventional 4-year courses:

Applied Social Studies

Students are university-based for 4 full years (12 terms ) lthough in their
3rd and 4th years there are short intersi,ersed periods of practical training
outside-the university.

(3) Thick-Sandwich courses:

Civil Engineering
Applied Biology
Mathematics (Honours)
Statistics (Honours)
Textile Science and Terthnology

Students spend years 1, 2. and 4 in'the university (9 terms) and year 3
in industry.

Thin-Sandwich single.entry courses:

Colour Chemistry and Colour Technology
_Chemistry
industrial Technology
Materials Science and Technelogy
Applied Physics
Modern Languages

Students spend a total of 9 terms spread over 4 years in the university,
interspersed with continuous periods in industry or abroad. The actual
timing of the terws spent away from the university varies between courses.
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Thin-Sandwich Double-Entry courses:

Chemical Engineering
Electrical Engineering
.Nechanical Engineering

Students spend a total of 8 or 9 terms spread aver 4 years in the university,
interspersed with continuous periods in industry. There are two annual intakes
of students and industrial training and university teaching is so organised that
the students from one intake are In industry whilst the others are in the uni-
versity, thus increasing the annual throughput of students compared with a single
entry course. University buildings and equipment are in use for 42 weeks of the
year instead of 33.

In Table 3.6 total cost per student and direct cost per student for each
course are grouped by type of course, and averages, weighted by the number of students
are shown for each group.

Table 3.6 Total Cost per Student and_Direct post_ er Student
for Different_T es of Courses

Type of Cour e
Laboratory-based Couroes Non-Laboratcry-based Cour s

Total Cost
per Student

Direct Cost
per Student

Total Cost
per Student

Direct Cost
per Student

CONVENTIONAL SI. E .c.
.- c

..2=1=_2200.
Phal-Liacy 3294 2469
Opthalmie Optics 2999 2231
Business Studies 2114 1181
Social Sciences 1632 777

AVERAGE 3228 2416 1743 870

CONVENTIONAL
4-YEAR COURSE
Applied Social
Studies 1907 671

THICK-SANDWICH
COURSE
Civil Engineering 2509 1662
Applied Biology 3110 2200
Textile Science 3156 2291
Statistics 1775 883
AVERLOE 2791 1923 1775 883

continued
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Type of Course

Laboratory-based Courses Non-Laboratory-based Courses

Total Cost
per Student

Direct Cost
per Student

Total Cost
-per: Student

Direct Cost
per Student

THIN-SANDWICH, E £ £
SINGLEENTRY

.

Chemistry 3874 3001
Colour Chemistry 3918 3138
Materials Science 3680 2656
Applied Physics 3682 2658
Modern Languages 2386 1182

AVERAGE 3806 2891 2396 1182

THIN-SANDW1CH,
DOUBLE-ENTRY
Chemical Engineering 2557 1797
Electrical Engineering 3603 2795
Mechanical Engineering 3991 3187

AVEBAGE 3265 2471

(Industrial Technology, Mathematics,
because of limitations on the data.

d Mathematics atistics are excluded

One must be cautious in drawing conclusions from the figures in Table 3.6
about the difference in costs between the groups of courses, because of the small
number of courses in each group and the wide range of values within some of them.
Cost differences between the groups may be the result of the type of course, but i
is possible that the thin-sandwIch, single-entry courses (the costliest group) are
Inherently the most expensive due to other factors.

Since, if we disregard Applied Social Studies, all the courses involve
the equivalent of 8 or 9 terms in the university spread aver 3 or 4 years, ane would
not expect the cost of academic and technical staff per student to differ between
groups, nor expenditure on materials. One would however expect that the cost per
student of classrooms and teaching lnboratories would be less in those courses wh
accommodation and equipment was used for more than the traditional 33 weeks per
year; that is, in the thin-sandwich, double-entry courses. We see from Tables 3.3
and 3.4 that the average cost of teachdng space per student in laboratory based' courses
is £885 whereas for the 3 double-entry courses it is £580 in Chemical Eivineering,
£882 in Electrical .:ngineering and £1388 in Mechanicni Engineering. One cannot eon-
clde from the observed costs of different courses that thin-sandwich, double-entry
courses are, in themselves, cheaper than other types of courses. However in Part 5
we shall consider the extent to which certain courees might become cheaper if their
structures were awL;ched from single to double entry.
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Costs and the Voluac of iTeaching

In an ideal situation, where the allocation of resources was.perfectly
related to the demands made by courses for staff and teaching accommodation, one
would expect various items of cost per,student to be related to the amount of
teaching hours given.

In Part 4 of this report we consider a method analysing the teaching struc-
ture of courses in order to calculate the amount of staff and teaching accommodation
required, In the present chapter we simply observe the present situation to see
whether there is a.ay relationship. We have calculated from timetables the total num-
ber of teaching hours given to students on all years of each laboratory based course
1969-70. This teaching load, divided by the numb9r of students on the course Is
shown in Table 3.7, together with the academic staff cost per student, the teaching
accommodation cost per student, the total direct cost per student and the ar3a of

teaching accommodation per student.

There appears to be no systematic relation between any of these items of

cost and the teaching load imposed by different courses. Not only does the total
teacha.ng load per registered student vary widely between courses (from 16.9 to 74.3
hours per yer7) reflecting differences in the contact hours each student receives
and the size of teaching meeting, but the allocation of staff and teaching accommoda-
tion to schools of study to meet these teaching loads also varies greatly, implying
differences In the average teaching load per member of staff and in the degree of
utilisation of teaching accommodation between schools of study.

A Broad Division f Cos

It is interesting to note the distribution of costs between academic, admin-

istrative, and what might be termed "welfare.functions.

Administrative costs include both current expenditure on administra ion and

the annual capital and maintenance costs attributable to administrative offices. "Wel-

fare" eosts include the capital and mainenance costs,attributable to student and staff

Table 3.8 Academic, Administrative and Welfare Costs

Cost-head
Laboratory-based Courses Classroom-based Courses

E per student year % g per student yuar aP

Academic Costs 657 75 316 57

Administrative Costs 109 13 111 19

Welfare Costs 103 12 138 24

TOTAL 869 100 565 100
L
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Note: The lower welfare cost for laboratory based courses reflects the
greate number of sandwich courses in this group. Students aa thin
sandwich courses ase facilities for only half tho year, and costs
have been attributed accordingly,

facility space such as the Student's Union, common rooms, refectorie residential
accommodation, health services, etc. (after allowing for the revenue raised by them
and not current expenditure on these items. All other costs aro treated as academic.

It is clear that welfare costs constitute a significant proportion of total
cost per student, and the possibility of charging staff and students a more nearly
economic price for them, would merit further investigation.

3.12
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THE GEN

PART 3

WION OF ACADEMIC 5T4 FF REWIBEMENTS_FOR INDIVIDUAL COURSES

In Part 3 we describe a method of calculating the number and cost of aca-
demic staff required to teach a single course, and study how these vary at different
levels of enrolment and with different teaching methods. Several individual courses
are studied in detail, and the teaching processes involved in them are defined in such
a way that the number and cost of academic staff requil'ed can be calculated. The
method enables valid comparisons to be made of the relative costs of teaching a
course with various enrolments and teaching methods. The results are compared with
the 1969-70 unit economic costs pr sented in Part 2.

Chapter 4 describes the way in which the teaching structure of a course
is defined, how the number of teaching meetings and academic staff requirements and
costs are calculated, and how the potential economies of changing enrolments and
teaching methods are measured and expressed.

In Chapter 5, the level of enrolment on each course iq inc eased by steps
of one student up to at least double the present intake, and in the case of very
small courses to four or five times the present intake. In each case it is found
that expansion is associated with a loss than pro rata growth in academic staff
requirF,ments, based on teaching-hours commitments.

In Chapter 6, the method of teaching each course is varied, through cnanges
in total contact hours received by eL.ch stl,dent, relative balance of lectures, tuto-
rials and seminars, the number of optional subjects, and the size of teaching group.
Alternative costings are produced for each course as these parameters vary, in order
to identify potential economies.

In Chapter 7, the average teehing lead of staff is increased, and the
effects of various Increases on staff costs is measured. It is found that scope
exists for increasing teaching load at a time of expansion, and that substantial
economies would accrue..
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THEORETI 1.,L B.;,SIS FOR MIMING OD _OSTING QJDIC STiXF REOUIREMENTS

The teaching function of the university requires academic staff commitment
to formal classroom hours, preparation, correction of student submissions, interview
outside the classrooms, anu examination of students, as well as sundry administrative
work. Of this commitment, the major portion is concerned with formal teaching meetings.
In this study attentiLn is confined to academic staff related directly to this formal
contact.

In this chapter a method of building up total teachingmeetings hours, by
type L2 meeting is developed. Then we describe how this iz translated into staff
numbers and costs.

Notation

Sj = Number of students enrolled on year j of a course

S = i-Sj (total enrolment on all years of the cours0

Tij = full-time equivalent academic staff required for e-eh type
of teaching meeting,i, in the jth year of the course

Tij (total full-time equivalent academic staff required
for tho course)

r = staff:student ratio (S/T)

t = av rage teachin,,= load per staff membe in hour L. per yo

Cij = contact hours per student per term-time week, of each
type of teaching meeting i in the jth year of the course

Wj = number of teaching weeks per year in year j of the course

gi = maximum size of each type of meeting i

Gij = number of groups into which students are divided for
each typo of meeting 1_, in the jth year of the course

Mij = total number of meetings; in hours, of each type of
meeting i, in the jth year of the course

M= 17.Mij (total number of meetings of all typos for all
years of the course

4.1



X = average annual expense solnryl superannuation and insurance,
per acadeMid staff member

= Full academic staff e st of the course, per year (no deduc ion
is Made in respect of that proportion of time devoted.to research)

Basic Relationship

On the one hand the number of meetings must equal the number of staff mul
.tiplied by the average annual teaching load:

M = T.t (1)

On the other hand, the number of meetings must equal the annual number of
contact hours per student multiplied by tho number of groups into which students are
divided. For each type of meeting (lectures, classes, tutorials ,And laboratories
in each year of the coUrse:

Mii = Cij Gij (2)

The number of groups equals the number of s udents divided by the maximum group size:

=Gijj+i
gii

such that if Slolgij is not an integer its value is increased to ihe neazest integer
above.

(3)

Combining equations (2) and (3):

Mij = Cij x Wj x (L+1) (4)
gij

These are summed for all types of meeting and all years of the course to obtain the
total number of meetings'required for the course:

I)
gij

(5)

For any given permutation of student enrolment, group size, contact hours
and staff teaching load, the number of acalemic staff required is defined by com-
bining equations (1) and (5):

(6)

t

Figure 4.1 illustrates'the
numbers, and how this is affected by
teaching load. In order to simplify
year course only and consiSts of one

relationship between stulent numbers and staff_
group size, nubber of contact hours, and staff
the graph it is assumed that the course is a one-
type of meeting.

4 2
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Sector (i ) describes the r ationship between student enrolment in a year
of a course and the subsequent numl of groups necessary. This operates via Llte
maximum group size, here called g. The student enrolment is expressed in units of
this group maximum.

Sector (ii ) relates the number of groups to the total number of meetings
to be provided, via the contact hours received per student. This latter element is
represented by the function Di = C.W.O. (In order to generalise the equation, it should
strictly be of the form Mij = Cij.Wj.Gij.)

Sector iii relPtes the number of meetings to be provided to the number
of full-time equivalent L.cademic staff, via the average teaching load LA' staff,
represented by the function T = N/t (Strictly Tij = Nij/t).

Via this graphical representation we can trace the effects on the staff re-
quirements of changes in student enrolment, the maximum size of the group, contact
hours per student, and teachng load of staff.

In reigure 4.1 student enrolment is initially Sl. With a class size of g
three groups must be formed. With contact hours per student of Cl, this necessitates
MI total meetings. With teaching load = ti, the full-time equivalent staff requirement
is Ti. lin expansion of student enrolment to S2 within this situation can be catered
for with the existing number of meetings and so leaves other variables unchanged. Tho
additional students are incorporated into the existing groups. However when student
numbers increase to 0, a fourth group must be formed and this leads to N3 total
meetings and T3 full-time equivalent staff.

The maximum size of a group determines the relationship between student
enrolment and the number of groups. In sector (i) the solid line di is valid only
when the maximum group size is g. If the maximum group size is raised to 2g, then
the relationship is expressed by the Iroken line g4. If contact hours per student
remain Cl, student enrolment of Sl, S and S3 now gene.eate only M4 meetings and require
only T4 full-time equivalent stf. One extreme of group size is the individual
tutorial; where g = 1, in which case, the number of groups is in direct proportion
to the student enrolment. The other extreme is the lecture where no class maximum
operates over tho feasible range of student intake, and hence g in sector (i) will
be a horizo-4-al straight line, with student enrolment having Lo influence on the
nUmber of g. Jups.

Variation in contact hours Per student has a direct proportional effect en
total meetings. With S3 Students and g group size, a fall from Ci to C2 in contact
hours per student causes the number of meetings to fall from M3 to h10 and the number
of staff te fal3 from T3 to 211.

Variation in the average teaching load inversely affects the number of staff
required. If M3 meetings are given, then an increase in,teaching load from tl to t2
causes the staff requirement to fall from T3 to T4.

4.3
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§I21VOtudent Ratie

From equations (4) and (5) the staff commitment in formal teaching hoursper student

(7)

Using equations (6) and (7) e.Jr_Lvation of a staff/student ratio in terms
of the variables determining staff resources required is now possible:

r = S.t = S.t
M . 4- 1))

Classification of Teachin Methods

Schools of Study in ihe University of Bradford have been asked in respectof a number of courser, to prcdide basic information on course structure. Each courseis broken down into individual series of teaching meetings, including personal tuto-riale. The typos and sizes of meetings identified are listed in Table 4.1.

Table 4.1 Classifi ation of Teachirw Methods

1

i classification Des ription Ma:ximum group size gi

.

t

Lecture No maximum
.

Exercise classes with di3cussion of
problems; sometimes including a
lecture

50
40
30

5
6
7

Disct5sion classes, or
Lecture / Discussion

25
20
15

8
9
10

Seminars, or
Small group discussion

12
8
6

11
12

Tutorials

4.4
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classification Description haximum group size gi.

13 Practical classes in laboratories. Go
14 Although asked for an "educational" 50
15 opinion on the maximum number al- 40
16 lowable in a class, maximum quoted 30
17 seems often to be determined by the 20
18 size of laboratories in existence. 18
19 Since no new laboratories are likely 12
20 to be builtin 1971/77 these esti-

mates are for all practical purposes
equivalent.

6

Data was also obtained from Schools on weekly and annual contact hours for
each series of meeting. Each course was described in the manner examplified for the
first year of the undergraduate course in Civil Engineering in Table 4.2.

Table 4.2 Etvinine9z_z.l_arsin -Year 0oure Structurc

o. of weeks
in year

Urj

No, of students
1970-71

Sj

-Teaching Method 'Maximum
Group Size

Gij

Contact-Hours
per week

Ciji I
_

Description

66 1 Lecture vLio.max. 10
3 Exercise Class 40 1
4 Exercise Class 30 2
6 Discussion Class 20 2.5

15 Laboratory 40 6.5

This description of a course is hencefor h referred to as the "course
structure".

4) Method of Calculating Academic Staff Requir aents and Cost for a Course

From the data in Table 4.2 we calculate for each component of the course
the number of groups necessary (Gij) and the total number of meetings per year OgiJ
The number of meetings can then be summed for all components and all yeurs of the
course, to obtain the total academic staff commitment to the course, in terms of
teachinp hours per year. The results for Civil Engineering are shown in Table 4.3.

4.5



Table 4.3 Ci il Eh in n First-Year Teachin Commitment

Teaching Method Number of Groups
Necessary

Total Number of
Teaahing Meetings

Description ai7,
giji

per year

ij=Gij Cij:14j

_ Lecture 1 330
3 Exercise Class 2 66
4 Exercise Class 3 1S3
6 Discussion Class 4 330

1 15 Laboratory 2 429

; TOUL 1353

Since this set of simple calculations must be repeated many times for each level of
enrolment, and for all the variable parameters relating to teaching methods, a computer
program has been prepared to do this.1 statement of the coUrse structure as defined
in Tal-le 4.2 forms the data for this program, which then computes the number of meet-

ings required at successive levels of enrolment. By varying the data to represent
alternative course structures, it is possible to analyse the effect of alterimg each

of tie variables, on the total :-umber of meetings.

, Figure 4.2 illustrates the way in which the results will be presented in

Chapters 5, 6 and 7. The number of teaching meetings required is plo ted against:

alturnative levels of enrolment, with the existing
course structure (Figure 4.2a)

ii alternative total number of contact hours with the
existing enrolment (Figure 4.2b)

alternative combinations of teaching method, with
the existing enrolment and total of contact hours
(Figure 4.2c

alternative number of optional subjects, with the
existing enrolment and combina ian of teaching
methods (Figure 4.2d)

alternative sizes ofrtoaching group; with the existing-
enrolment and combination ok teaching methods (Figure 4.2e)

The :lied uru cif thenumber of teaching meetings can be used in_two ways:
eUcuatin the number of academic _staff required,

t of academic_staff for th
as an_in ermediat

_l_ndox 0
towar
oj

. Program VA54DASEYAIG ee Appendix 1
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It is al,parent from Figure 4.1, sector (iii ) that if a standard teachirg
load (t) can be avaluated, then the number of staff required can be derived from the
number of meetings given. Re-arranging equation (I) in the form:

T
(9)

we see that the number of staff is obtained by dividing the number of meetings by the
standard teaching load. Llthough there are problems in fixing a value to t, this
method is adopted in preference to the alternative of measuring the time devoted to
preparation and other work related to undergraduate teaching, because of the great
variability of ancilliary te teaching time between different subjects, clifferent
individuals, different grades of staff, and according to the number of times meetings
aro repeated for different groups of students.2

Before indicating how a value Is set upon t, it will be useful to describe
the concept of the number of meetings WO as an index of academic staff cost.

The total annual cost of acadamic staff for the course (Z) may be represen-
ted:

Zp = X T (10)

whore subscript p indicates any particular level of enrolment and structure of
course, and X tho average annual expense of amploying a member of staff, in terms
of palary, superannuation and national insurance. 'Combining equation (9) anc: (10):

Zp = X .

In order to measure the change in staff cost as a result of moving to any
situation p, where either the level of enrolment or the couese structure is different,
it is useful to express the staff cost in situatian p as a proportion of that in the
original situation, which we designate q. This provides a simple index (I) of the
change in the total staff cost of the course. Thus:

Ip .= Zp , 100 (12)

Zot

In the light of the definition of Zp used in equa on 11) we may now expand
equation 12

1p =

. MP . 100)

t

(13)

2. Work on the relation of ancilliary to teaching time ic being carried out in the
aseociated pesject at the.Uhiversity of Lancaster.
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X and t can now be eliminated from both numerator and denominator ane the
index can be redefined more simply as:

Ip = . 100
1,1c1

(14)

ne change in cost can'be measured dimply in terms of the number of meetings. Given
constant teaching loads (t) and q2St per staff member (X), then the academic -staff
cost of a _course at different enrolments er with different teachin structures is
dire ti roortIona1 to the number of meetie iven.

Figure 4.2 may now be re-scaled on the vertical axis to express the number
of meetings in the new situation as a proportion of the number originally elven, and
this is done in Figure 4.3 (scale 2).

In order to obtain absolute figures of academic staff cost, values must be
set to t and X. It is particularly difficult to set a value to t as it differs so
much between individuals, departments, and universities. (Indeed one of the merits
of using the Index is that it enables changes in enrolment and teaching method to
be analysed without the complications of varying values of t). The University
Teachers Survey carried out for the Robbins and Hale committees in 1962 quotee 6.1
hours per term-time week (201 hours per 33-week year) as an average load of under-
graduate teaching covering all faculties and all grades of staff. 4 survey carried
out in the University of Bradford3 in 1968 found an overell average of 6 - 8 hours
per term-time week (198 - 264 p.a.) of undergraduate teaching in different Boards of
St- iy. In calculating staff allowances for interdepartmental service teaching, the
Allocations Committee of the University of Bradford works on a national 400 hours
per year (12.1 hour per week). This latter figure however relates solely to service
teaching, the burden of which is less than that of more specialised teaching. The
Committee of Vice-Chancellors in ito 1969 survey did not ask for information on
actual teaching hours.

For the purpose of this study the teaching load measured in the-University
of Bradford in 1968 has been used. Table 4.4 summarises the findings:

Table 4.4 Weekly Teaching Lead of Staff at Univursit of Bradeer
1

Uoard of S,udy
-----

Undergrad.' Teaching
.

Postgrad. Teaching

Hours per
week

Hours per
33-week
year

Hours per
week

Hours per
33-week
year

Engineering
Life.Seiences.
Physical Sciences
Social Sciences

6
6,
6
8,

198
198
198
264

1

2

33
e-
66'

3. R. K. Khanna & M. Shattock, illinalysis of University Staff Tiei Bradford Univer-
sity unpubl_shed paper 1968

4.8
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In order to allow for the effects of the worsening in the staff:student
ratio since 1967/68 it is necessary to make some increase in the teaching lond. The
ratio of teaching staff to undergraduates has worsened by 8.7% over the period 1967/68
1970/71 (from 1:6-9 to 1:7-5), and to compensate for this the undergraduate teaching
loads ho:ve been increased by approximately 6$. The ratio of teaching staff to post-
grakluates on advanced ccurses has worsened by 150% over the same eoriod (from 1:0.2
to 1:0.5), and to compensate for this the postgraduate teaching loads have been in-
creased by approximately 100%. The reason for increasing the load by less than the
worsening of the ratio ie that, as will be demonstrated in Chapter 5 of this report
an expansion of enrolment does not cause a pro rata increase in the total amount of
teaching to be given. Table 4.5 contains the revised teachine loads which are sub-
sequently used as a basis of calculating steff numbers and cost.

Table 4.5 Hevised Weeklv_Teachine_Loads

Board of Study Undergrad. Teaching Poetgred. Teaching

Hours per
week

Hours per

I
33-week
yeare

Hours per
Week

Hours per
33-week
year

Engineering
Life Sciences
Physical Seiences
Social Sciencee

4
E31.-

210
'210
210
280

I 2
i

4
2

-
132
66

1

By dividing the number of meetings by the standard teachine load for the
course, it is possible to re-scale Figure 4.3 to show the number of full-time equi-
valent academic staff required at each level of enrolment and for each course struc-
ture. Scale 3 of Figure 4.3 measures this. It should be noted that tho figure
obtained is of full-time equivalent staff, possibly containing fractional units of
staff from several service departments.

In estimating the cost of employing a single member of staff (X) it is
assumed that staff are distributed between grades in the ratio of 10% professors to
25% readers/senior lecturers to 65% lecturers, in line with U.G.G. requirements
that the number of professors and readers/senior lecturers shall not exceed 35%
the total teaching staff. (actual proportions in the University of Bradford in
1970-71 are .9% professors to 22% readers/senior lecturers to 69% lecturers.) Pro-
fessore are costed at the 1970-71 negotiated average of E56101 readers/seeel.or lec-
turers at the mid-point of their scale (g3800), and lecturers at tne midpoint of
their scale (E2454). 10% is added to all salaries in respect of the university's
contribution to superannuation, and £100 per head in respect of national insurance
payments. The resultant average annuel expense par staff member if £3440.

It.ls now possible to resc&le Figure4.3 onee mere. By multiplying the e
number of Staff (T) by the average annual expense:(X), the academic staff cost of
the course is obtained; this is indicated on ecale: 4. It shouId be noted that no

4.9
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allowance has been made, as it was in Part 2, for the fact that part of the time of
staff is devoted to other activities. -In Part 3, the whole cost of employing aca-
demic staff is attributed to the course in question.

We have thus devased a single measure r:

a) the ntmber of teaching meetingS provided
for a courSe

the number of full-time equivalent academic
stafr required for.that course

c) the cost of academic staff for that course.

In the absence_or_known values of teaching load (t) and average expense of staff X
the measure_serves as an ].nctex of these three values measuring how each mav change
as a.xesult of chan ourse structure.

5) Method of 0alculatjn and Cost per Student

The next step is to relate this measure of cost to the number of students
enrolled, in order to calculate a cost per Student, and to study how this varies with
changes in enrolment or course structure.

In equation (11) the academic staff cost of a course with any particular
enrolment and course structure (p) is defined

= X_r0Y-Ip
t

The academic staff cost per student enrolled is thereforet

1T2 ILA.212
Sp t . Sp 15

It is convenient to be able to express changes in staff cost .per student
when moving to any situation p, as proportional to the cost in the originaLbituation
q, Tc do this the concept of the Ptaff_Cost Index (sdI) is defined:

SCIp =
(K2 100 )
S

In the:light of .the definition of Zp/Sp -used in equation _15) equation (
new be expanded-thUs:

M 1001

SOIp.
Ma

t Sq

4.10
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Again X ana t may be eliminated, and the Stafr Cost Index redefined more simply as:

MP . So_ . 100SCip (10Mg . Sp

where q relates to the original enrolment and course otructure, and p to the changedsituation.

An example will clarify the concept. In the original situation 9 studentsare enrolled (Sg) and 1560 meetings are hula (Mg). After expansion 20 students areenrolled (Sp) and 2280 meetings pupt be aiven Censeguently,

sap =
65.81560 0 20

This can be checked as fellows:

Number of meetings

Ma 156p
Sq 9

pe student originally 1.,rovided:

173

Number of meetins per student after e an ion:

-, 2280
. 20,

114 = 65.85 of 173.

114

. The Staff Cost Index thus measures the chan-7e in the number_of meetin ,B1Dravided per-enrolled studenALeaaxamiallpn of_the oriAnal.value rosultin froma_ehan o in enrolment or_course structure:. This coneept of the Staff Cost Indexis of crucial importance.for tho analysis carried out in relation to expanding enrol-ment.

In considering the effect of changing enrolment it is useful to plot theStaff Cost Index and in Figure 4.4 it is superimposed on the "Number of Meetings"line from Figure 4.2(a). Scale 1 of Figure 4.4 measures the Staff Cost Index ornumber of meetings per student, and scale 4 the total number of meetings.

Just as it was possible to re-scale Figure 4.2(a) to translate the numberof meetings Into the number of academic staff and into the academic staff cost of thecourse, so Figure 4.4 can be re-scaled to,measure the number of academic staff perenrolled student (ocale 2), and the academic staff cost per student (scale 3). Scale2 represents the staff:stud nt ratio, and is calculated uBing the formula

t.SLY1
where y is the number or years wa the course and SJ the number of students in a singleyear. Regardless of the actual values im uted to the teaching load of staff (t) and

4.11



te_the annual cost Der.staff member (X). the Staff-Cost,Indexmeasures,the DroDortion-
ate chantP.e in the staff:student ratio and in the academiccost Dor stlident.

We have thus devised a single Measure of:

a) the number of teaching meetin.s provided
per enrolled studont

b) the staff:student ratio

c) the academic staff cost per student.

7:n the absence of known values for t. and X, the Staff Cost Index serves as an index
of these three values,

In, considering the effects of changing course strunture, the Staff Cost
:ndox is less relevant, o.s enrolment is held constant in order to isolate the of-e-ots
on cost of the change in structure. Figures 4.3(b) to 4.3(e) do not need re-dra 1g;

they may simply be re-scaled by dividing the number of meetings (k) number ef staff
(T) and staff cost (T.X ) by the constant) number of students (S).

6) Method_of_ExDressing Results

The results of the analysis of the courses may be presented in three ways
and these are described below. Not all of these ways will be relevant to any single
variablo.parameter.

1. In terms of absolute savings4n_academic _staff cost-Der- udent_

The figureS'as developed so far are sufficient to show the results in this
manner. Figure 4.4 allows for any chosen expansiOn:

a) the change in staff-cost per student
(absolutely and proportionately)

Figures 4,3(b) to

the change in staff:student ratio
(absolutely and:proportionately)

shOw for any chosen change in teaching methods:

a) the Change in staff-cost of the course
(absolutely and proportionately)

t.h*change in staff cost-per-studelt
(absolutely and proportionately).

2. Isofa:17n-atetaff:studt:InterFeneatio

Tn considering changes of enrelment it is useful to compare the cost of
expansion if additional staff requirements-are based OA the increased teaching comnit-

4.12
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melt, with the cost that would be incurred if sufficient extra staff were recruited
to held the staff:student ratio constant.

. In Figure 4.5(a) the number of etaff required at different eneoIments i8
measured on scale 1 and the total staff cost on scale 2.

The line r = 12.38 reprusente staff requirements and cost when applying
a constant staff:student ratio of 1:12.38. This ie the eeiehtee staff;student ratio
observed in all U.K. universities for the U.G.C. subject group nEngineering", in
1968-69.4

The line t = 281 represents etaff requirements and cost calculated on the
basis of the -betel number of teaching meetings provided at different enrolment, and
an annual teachirg load of 281 houes per member of staff. The value of 281 is
obtaieed by dividing the number of meetings provided at the current enrolment by the
notional staff entitlement at that enrolment, if the U.K. average otaff:student ratio
were adhered to. Thus with the current intake of 66 students, /496 meetings are
provided and the national staff entitlemeni is 15.99, giving a nominal teaching load
of 281 hou-rs per year. Details of the calculation of nominal teaching loads are
given in Appendix 4.

The two lines consequently intersect at tho point (1) whose y ce-ordinat.3
repTesonts the current enrolment, fuld whose x co-ordinate represents the current
notional staff entitlement. The ratio used is unlikely to be thu same ae that empiri-
cally observed in the department, for it represents full-time equivalent staff invol-
ved with the course, not the actual number of staff employed n the department. These
two figures will differ to the extent that the department's staff teach other courses,
and staff of other departments teach students on the course under consideration. Non-
integral numbers are thus valid, implying that a proportion of time is devoted to
service teaching for other courses.

The vortical distance between the two lines in Figure 4.5(a) meaeuree the
difference in the number of staff required using teaching commitment and constant
ratio bases. These differences at each level of enrolment (es distinct from the
absolute values) are plotted with greater clerity in Figure 4.5(b). The staff saving
obtained by using the teaching commitment basis is measured by the extent to which
the broken line is below the horizontal line at any given enrolment. Thus, for
example, if the enrolment in Figure 4.5 were increased from 66 to 110, the number of
staff required would be 20.69 if calcnJeted from the number of meetings, whilst, by
contrast, preserving the staff:student ratio would give entitlement to 26.64 staff.
A saving of 6 staff appears feasible without altering the structure of the course or
the teaching load of staff.

4. Weighted staffistudent ratios have been calculated for the U.G.O. subject groups
that are relevant to the University of Bradford (see Appendix 4 ). Figures for
staff and:weighted etudent numbers for ell U.K. universities are taken from
D.E.S.I Statistics of Education, Volume 6, 1969.

4 .13



Translation of staff numbers into staff c sts is ach±oved by mul iplying
each line by the average cost of a member of staff (X), redefining t'aem as

S.X
T --

r
M.X

respectively.

The staff cost of the course is indicated in s ale 2, using X = E3440 as calenlnted
above.

3. Intermof Unit Economic Costs

The Staff Cost Index may be used to estfimate the change in unit economic
cost, as measured in Psrt 2, that might come about as a rusult of the postulated
expansions. It would not be valid to substitute the absolute values of staff costs
calculated in this chapter into the unit costs calculated in Part 3 as the latter
have been reduced in proportion to research and other activities. However, it is
possible to multiply thc "academic staff cost" element of unit economic cost, by
the Staff Cost Index at different enrolments, and to recalculite the total economic
cost-per-student. Furthermore, since academic staff require offices pro rata, it
is possible also to multiply tho "academic staff officos" element by the Staff Cost
Index.

Table 4.6 shows the estimated coots for Civil Engin ering with annual
intakes of 80, 90, 100 and 120.

Table 4.6 Civil Enoineering: Economic Cost- er-Student
at yat.ioue_enrolments

I

Annual Enrolment

(Current)
1

66 80 1 90 100 120

!Staff Cost Index 100 8

Academic Staff Cost (E ) 458 380
Academic Staff Offices (E) 57 47
Total Cost per Student (E) 2509 .421
% Saving in Cost per Student -- 3.5%

408 375
5 51 46

2453 2415
2.2% 3.7%

It is assumed in the calculations for Table 4.6 that the balance of activity
of sta f between teaching and research remains the same as at present, and that the
amount of preparation, marking, otc. generated by the additional teaching meetings is
in the same proportion to actual teaching as with the existing meetings.

We now proceed in Chapters 5, 6 and 7 to alter various paraaeters in a
search for potential economies.

4.14
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CHAPTER 5

ECONOMIES ARISINCHFROM_TRE EXPANSION OF ENROLNENT

In this chapter we apply the method described in Chapter.4 to a
number of eourses in order to conolder the effect of increasing enrol-
ment on academic staff costs and total cost-perestudent.

The course structure is held constant. Consequently there is no
increase in the size of teaching eroups-(except for straight lectures
beyond what is at present the standard size that the professor deems
is desirable on educational grounds. The total number of teaching con-
tact hours received by any one student, and the number of each type of
meetings (lectures, clesees, tutorials and laboratory sessions), are
also constant. The student, therefore, receives the same amount of
teaching in the same types and sizes of meeting as at present, although
the straight aectures he attends will be larger. From an educatienal
viewpoint the qeality of service is unimpaired; there is no change in the
quality of education.

Stmilerly the teaching load of staff la unchanged: Staff are not
required to teach any more hours, nor,.apart from lectures, do they face
larger groups. The increase in.the,number.of teaching meetiags that must
be mounted, is met by a pro. rata Increase in staff numbers. It is assumed
that work ancilIfeary te the actUaI tesehing, such as preparation and mark-
ing, increases in direct proportion ta.thenumber of teaching meetings,
although in practice it is unlikely that preparatory work mill lecrease to
anything like the same proportion. To thisextent the results underestimate
the potential ecenomlea, as maintaining a conpt'ant teaching load will cause
a reduction in the total undergraduate work-load of an individual etaff
member, because the extra teaching consiets in.repeating existing teaching
meetings.

1. Geheral_Natureeef

They results preserted in.this chapter show substantial economies in
staff costs associated with expansion of enrolment.

These economies arise primarily from the increase in the number of
studente attending each lecture. In each course examined the lecture group
size has been described by the School of Study as having no maximum. Although
we have came across a few contrary opinions, Schools of Study, when provid-
ing data, have generally agreed that an increase in the size of lecture
audiences, where there is no active participation by students, dces not
result in aey deterioration in the quality of education. An increase in
lecture group size, therefore, represents an improvement in efficiency.

A second contributory factor to these economies of scale is the
"filling up" process which takee place as enrolment increases. At any level
of enrolment not all meetings will be "full", in the sense that the number
of studente registered may he lees than the standard group size. For example
if a particular course contains a class which meets in groups of maximum size
30, and enrolment io curreetly 50, then the class must be duplicated and
there is an effective wastage of ten places; 1/6 of the capacity of the two
series of meetings is wasted. If enrolment increases to 60, then no extra
meetings are required and tha waste is re-eoved; the capacity "fills up".



Even if meetings are net null" atjtigher enrolments the significance of
the waste is less. With"an enrolthent-ef'110 there must befour series of
meetings; there are.stiWten wabted plades, but this represents only 1/12
of capaeity.

Although the results differ in detail betWeen Courses, there.is an
important_13imilarity coiamon.to all. This is illUstrated in two ways=
firstly:bylthe'behaViour of the'Staff-Cost index; and secondly by the
divergencebetWeen staff costs When calculated on the teaching commitment
basis, and-when baSed on a constant staff:student ratio.

The Staff Cost Index exhibits the same basic ferm.id all the courses
studied,_and three characteristic6 should be noted:'

1) it falls as-enroImeat inereaaes, indicating economies of
scale. .An increase in enroiMent generatea a less than
proportionate increase in the total 'number of tecching
meetings required to maintain the cOurse structure un-
changed. With a eonstant teaching.load per.member of
staff, the iacrease in-staff nuMbers is less than

-proportionate to.the increaee in student nUmbers, so
that-the staff:student.ratie deteriorates "and staff
cost per student declinell

it falls at a decreasing rate. The economies to be
achieved from successive equal increases,in student
numbers geu, smaller-and smaller.

:

3) the fall is punctuated:byIiiharp rises at regulr intervals.
These periodic jumps GiVe the Indei its characteristic
"Sawedge" shape, and the enrolment levels at which thek
occur correspond to the points:at which particular.series
of meeti4gs must be.repeated.. Thus.if .a class ef'4.0 meets
120 times por_year, 'there wili bean increase'of 120.in:
the number of meetings ev0ry time enrolment passes a
multiple or.o, In many cpurses_several different elements
pf the cpurse:bave.the same maximum .group'sizer causing

..very.big.inpreases_in the nuMber of meetings-at intervals.
.1.1617,Pf*al enrolment, must be expanded a considerable way
beyend,one of, these jum.points' before the Index falls

. back.to:its valtwithmediately before-the jump.

Thelsecond-appect:ot:the similarity. between,courses.is the divergence
between staff costs when calcUlated on the teaching commitment basis and
when based-on a:-constant staff:student..ratio.' In,all the cobrses stLdied
the former fell below the.latter. as enrolment'increased.

,
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Before atter,pting to generalise as to the extent to which the staff:
student ratio may deteriorate, or the level of savings that might be expec-
ted, it is necessary to present the results of the courses individually.

2. Individual Courses

The results for each course are presented in the form of:

a) a brief commentary noting the principal findings

b) a table showing savings in total economic cost per
student as defined in Part 2, i.e. after deducting staff
costs attributable to research corresponding to

Table 4.6)

0) a graph showing the Staff Cost Indix, the staff:student
ratio clnd staff cost per student, based on the estimated
teaching load at Bradford. (This corresponds to
Figure 4.4 in Chapter 4. ) This includes the full cost
of staff.

a graph showing total staff requirements and cost
compared with expansion based on national average staff;
student ratio (corresponding to Figure 4.5). This
includes the full cost of staff.

5.3
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PH4RMACOL0GY

currF!n-InE21U2/111: 9

ITum13-_points:
Multiples of 12 students

Staff Cost Index: Falls to 75% at enrolment of 12, then jumps to

99%. EXpansion to 24 students causes the index

to fall to 55%.

1) In terms of the estimated Bradford teaching

load of 210 hours per year:

a) staff:student ratio may deteriorate from

1:3.3 with 9 students, to 1:6.0 with

24 students

b) full academic staff cost per student falls

from E3123 to E1715, a saving of E1408

2) In terms of the national average weighted

staff:student ratio of 1:7.04:

If the ratio is held constant, total

equivalent staff numbers rise from 3.7

to 10.2, compared with only 5.4 if

calculated on a teaching commitment basis.

This represents a total saving of £16,500

per annum.

3) In terms of unit costs defined in Part 2,

total economic cost per student falls 8.3%.

Table 5.1 Pharmac 1
(after excluding co

Boone Co at- 'er-Student at Various Enrolments

ributable to other activities)

i9 current) 12 18

100

24 '
:

1

75 72 55 ;

1

1 395
302!

i 41 i 30 i.

' 3124 : 3020 ;

5.1% i 8.3%

'Academic Staff Cost (E)

Academic Staff Offices

; Tota3 Cost per Student

: % Saving in CoSt-per-
!

Student

549

57

3294

411

43
3142

4.6%

5.4
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CHEMICAL BEGINEERING.

(Two intakes of students annually. Quoted figures of
numbers of students and numbers of meetings relate to a
single intake only.)

Current _Half-yearly. enrolment: 40

JuTprnoints1 hultiples of 50 students

Staff Cost Indix: Falls to 84% at enrolment of 50, then jumps to 107%.
atudent numbers must increase to beyond 67 before
the Index falls below 84% again.

Effec

1) In terms of the estimated Bradford Teaching load
of 210 hours per year:

) ;Aaff:student ratio may deteriorate from 1:19.4
with 40 students to 1:31.4 with 100 students

b) full academic staff cost per student falls _cora
£530 to 028, a saving of £202.

In terms of the rational average weighted a aff:
student ratio of 1:12.38:

If the ratio is held constant, total equivalent
staff numbers rise from 25.8 to 64.6, compared
with only 40.0 If calculated on a teaching
commitment basis. This represents a tot(a
saving of £42,300 per half-year.

3) In terms of the unit costs defined in Part 2, total
economic cost per student falls by 9.9%

Table 5.2 WegIcal_Baginagmlagi_ponomia_gpat-ner-Student
at Various Enrolments_

(after excluding costs attributable to other activItie

Half-Yearly Enrolment

0(current) 50 80. 100

Staff Cost IndeX

Academo Staff Cost (£)

'Academic Staff Offices (£)

Total Cost-per-Student (£)

% Saving in Cost-per-
Student

62

617 518 450 383

52 44 38 32

2557 2450 i 2376 2303

4.2% ! 7.1% 9.9%
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Current Enrolment: 21

jilap -points:

COLOUR CH1.14ISTRY

Multiples of 30 students. Individual tutorials
cause the total number of meetings to increase
wi'Gh every single increase of intake.

Staff_Cost_Index: Falls to 74% at enrolment of 30, then jumps to 91%.
Students must increase to beyond 40 before Index
falls below 70% again.

4fect of 27mansion_to_60_students _per years

1) In terms of the estimated Bradford Teaching load
of 210 hours per year:

staff:student ratio may deteriorate from
1:5.0 with 21 students to 1:9.6 with 60
students

b) full academic staff cost per student falls
from £2058 to £1060, a saving of £998

In terms of the national average weighted staff:
student ratio of 1:11.09:

If the ratio is held constant, total equivalent
staff numbers rise from 5.6 to 16.2, compared
with only 8.3 if calculated on a teaching com-
mitment basis. This represents - saving of
£27,200 per year.

In terms of the unit costs defined in Fart 2, total
economic cost per student falls by 10.4%.

Table 5.3 octiggir Chemistry: Economic Cost-7ner-Ctudent at
Various EnrolmentS

(after excluding costs attributable to other activities

Annual Enrolment

21(current) 30 45 60

Staff Cost Indez 52

Academic StafI Cost (£ ) 785

Academic Staff Offices(E)

Total Cost-per-Student(s) 3918

% Saving in Cost-per-
Student

5.6

76

581 518

47 42

3698 1 3630

5.6% ! 7.3%

408

33

3511

10.4%
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CIVIL ENGINEERING

Current_Annual_EnroImont: 66

Jump-points: Major jumps at multiples of 40 students; smaller
jumps at multiples of 20 and 30

Stnff Cest_Index: Fa119 to E13% at enrolment of 80, then jumps to 99%.
stunt3 must incrense to beyond 105 before the

belw S3% again.

Effectse:E: EFn7.,.nsion ;:tg_ yrear:

1) In he enL5.-y_nted Bradford teaching load
of 210 hol.i5 pe7.- yuc_r:

a) ,27.,,,it,dent raM.o may deteriorate from
Oth 66 students, to 1:13.0 with

120 sttUtenbs

b) full acremic staff cost por student falls
from £1035 to £774, a saving of £311

In ter-fis of tile national average weighted
staff:student ratio of 1:12.38:

If the ratio is held constant, total equivalent
staff numbers rise from 16.0 to 29.1 compared
with only 20.7 if calculated on a teaching com-
mitment basis. This represunts a total saving
of E2C,900 per annum.

In terms of the unit costs defined in Part 2,
total economic cost per student falls 6%.

Table 5.4 civil En _ineerin geonemie_Costtpur-Stude
Various Enramente

(after excluding costs attributable to other activities

Annual Enrolment

66 urrant 80 90 100 120

Staff Cost Index 100 8 -3 89 82 71

Aca2umic Staff C,,st (g)

Acadumio Staff.Offices(g)

Total Cost-per-Student(g)

Saving in Cost-per-
Student

458 1 380 408 375 325

47 51 46 40
1

2509 12421 2453 1 2415 1 2359
i- :3.5% 2.2% 3.7% ; 6.0%

1

(The graphs have n11-eady been Presented see Chapter 4 Figures 4.4
and 4.5)

5.7
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COMPUTER SCILITCB

year postgraduate course; students weighted '3')

Current Annual_EnroIment: 12

Jumppoints: Multiples of 6 students

Staff Cost Index: Is in a trough with the current enrolment of 12.Jumps to 103% immediately and falls to 74% with18 students. Expansion to 24 students causesthe index to fall to 63%0 and continued expansionshows further falls.

Effect
01:2Knan21211A2.22LAIlliamtA...mtE_Y_Rat:

1) In terms of the estimated Bradford teaching loadof 132 hours per year:

a) weighted staff:student ratio may deteriorate
from 1:5.6 with 12 students, to 1:8.9 with24 students

b) full academic staff cost per student fallsfrom £1850 to £1165, a saving of £685.

In terms of the national average weighted staff:student ratio of 1:12.07:

If the ratio is held constant, total equivalentstaff numbers rise from 3.0 to 6.0 compared withonly 3.8 if calculated an a teaching commitment
basis. This represents a total saving of
£7,600 per year.

The present unit economic cost of the course is notavailable.

5.8
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Current realro ent:

Jump-points:

Staff Cost I_

SOCIAL SCIENCES

120

Ie1r 6uo to the range of optional subjects

FallN at the' ffeneral rate of approximately 5% for
ov'T3ry additional 30 students, but punctuated with
freq4liont, irregular and small jumps.

Effect niLL4mpapsion urts e].. year:

In trarm,s of the estimated Bradford teaching load
of 2;30 hours per year:

) staff:student ratio may deteriorate from
1:168 with 120 students te 1:21.5 with
240 studentS

b) full academic staff cost per student falls
from £615 to E480, a saving of E135.

2) In terms of the national average weighted staff:
student ratio of 1:13.47:

If the ratio Is held constant, total equivalent
staff numberS rise from 26.7 to 53.4 compared
with only 41.7 if calculated on a teaching com-
mitment basis. ThiS represents a total saving of
£40,200 per year.

In terms of the unit costs defined In Part 2, total
economic cost per student falls 6.2%.

Table 5.5 Social Scien Economic_CoStper-StUdent at
Various Enrolments

(after excluding costs attributable to other activities

Annual Enrolment

120(current ) 160 200 240

100 92 82Staff Cost Index

Academic Staff Cost (E

Academic Staff Offices E)

Total Cost-per-Student (g)

% Saving in Cost-per-
Student

i

406 t 375 334 318
;

60
1 55 ! 49 47 1

I

1632 1596 1 1549 1531

1 2.2% ; 5.1% 6.2%
f
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Current Emrolment: 22

!TUmP-points:

Staff Cost_Index:

Effect

APPLIM PHYSICS

Multiples of 16 students. Also at 40.

Falls to 85% at enrolment of 32, then small jump
to 88%. Expansion to 48 students causes the
index to fall to 78%.

of Expansion to 48 students per year:

1) In terms of the estimated Bradford teaching load
of 210 hours per year:

a) staff:student ratio may dete iorate from 1:4.1
with 22 students, to 1:5.2 with 48 students.

b) full academic staff cost per student falls
from £3346 to E2610, a saving of E736.

In terms of the national average we ghted staff:
student ratio of 1:11.09:

If the ratio is held constant, total equivalent
staff numbers rise from 7.9 to 17.5, compared
with only 13.4 if calculated on a teaching com-
mitment basis. This represents a total saving
of E14,100 per annum.

In terms of unit costs defined in Part 2, total
economic coot per student falls 4.6%.

Table 5.6 illeconomiCost-per-Student at.

liazipm.g_Enr2lwante
(after excluding costa attributable to other activiti s

Annual Enrolment

i22(current ) 32 48

Staff Cost Index

Academic Staff Coat (E)

Academic Staff Offices (E)

Total Cost-per-Student (E)

% Saving in Cost-per-Student

100

1--
743

40

3682

5 78

632 ! 580 i

35 32
-1

3566 ; 3511

3.2% I 4.6%
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Current_Envelmen 33

Jump-points: Multiples of 30, with smaller jumps every 20 students.
Staff t ndex: Falls to 83% at enrolment of 40 and 59% at enrolment of60 students. Then jumps to 76%-and enrolment mustexpand to 86 students before index falls to 59% again.Eff*ctof

Students :Der year:

1) In terms of the estimated 3radford teachingof 210 hours per year:

a) staff:student ratio may deteriorate from 1:4.1with 33 students to 1:6.7 wl-C-1 60 students.

) ri711 academic staff cost per student fallsfrom £2455 to £1447, a saving of £1008.
2) In terms of the national average weighted staff:studentratio of 1:10.711

If the ratio is held constant, total equivalent staffnumbers rise from 8.4 to 16.8, compared with only12.5 if calculated on a teaching commitment basis.This represents a total saving of £14,800 per annum.
3) In terms of the unit costs defined in Part 2, totaleconomic cost per student falls by 13.1%.

Table 57 AliedBielo:ECost-tentatmi.
Various Enrolments

(after excluding costs attributable to other activities)

Annual Enrolment

33(current) 45 60

59
Staff Cost Index

Academic Staff Cost (g) 946 738 558
Academic Staff Offices (g) 57 45 35
Total Cost-per-Student (E) 3110 2890 2700
% Saving In Cost-per-Student 7.1% 13.1%

5 17
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MATERIALS _SCIENCE

Current Enrolment! 21

Jump-Tloints: Nultiples of 20 students, with smaller jumps every
2 students.

Staff Cost Index: Falls to 82% at enrolment of 40, then jumps to 7%.
FR1Ts to 78% at enrolment of 60.

Effe t of Exsansion to 40 students_ser vear:

1) In terms of the estimated Bradford teaching load
of 210 hours per year:

staff:student ratio may deteriorate from :4.2
with 21 studenta to 1:5.1 with 40 students.

b) full academic staff coot per student falls from
E3292 to E2700, a saving of E592.

In terms of the national average weighted staff:
student ratio of 1:11.09:

If the ratio is held constant, total equivalent
staff numbers rise from 7.2 to 14.4, compared
with only 13.1 if calculated on a teaching com-
mitment basis. This represents a saving of
24,400 per annum.

In terms of the unit costs defined in Part 2- total
economic cost per student falls 5.0%.

Table 5.7 Materials Scien : Economic Cost-.er-Stndent at
Various Enrolments

(after excluding costs attributable to other activities

Annual Enrolment

21 current) 30 40 ,

---4
Staff Cost Index 100 87 1 82

Academic Staff Cost (E)

Adademic Staff Offices ()

Total Cost-per-Student (E)

% Saving in Cost-per-Student

982

40

3680 2

854

35

3547

3.6%

5. 12

1 805

33

_496

5.0%
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Conclusions

1) Major JumnPoints

The pointS at which upward
occur, differ between courses':

Chemical Engineering
CiVil Engineering
.Applied Biology
Colour Chemistry
Materials Seience
Applied Physics
Pharmadology
Computer Science
Social Sciences

jumps in staff costs per student

multiples of. 50 students
multiples of 40-Students,
multiples of 30 students
multiples of.30 students
multiples of 20 StUdents.
multiples of 16 students
multiples of 12_students
multiples of 6 Studeht6
irregular

Since the increases in cost-per-student that occur n these points
are substantial, it is important that enrpiment should be at a level which
coincides with a trough in the Staff Coat IndeX, i.e. at a level Immediate-
ly below one Of these jump--points.

As these points differ between courses, ILig_xlIalwhen cop-
gla2rina exnansion of student numbers that coursesjion.1& be studied
ingiyidually, qv& the appropriate enroie course.
The application of blanket proportion-ye increases to whole gr.Dups of
courses could be most uneconomic.

2) Scale of LikelzA22q2aL0

Table 5.6 summarises the potential economies to be obtained frem
exp-msion of student numbers. The expansion applied to each of the courses
is an approximate doubling. The new levels of enrolment have been care-
fully chosen to coincide with a "trough" in the Staff ,Cost Index.
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Table 5.6 Effects of an oximate Doub of Student Numbe

Course
Staffl
Cost I

Index'

,Saving in Total
Economic Cost
per Student

Total Annual Savings compared !
wlth.expansion holding staff: 1

student ratio constnnt

Pharmacology

Chemical Engineeringl

Colour Chemistry

Civil Engineering

Computer Science

Social Sciences

Applied Physics

Applied Eiology

Materials Scienc

62

52

71

'63

78

78

59

82

8.3

9.9

10.4

6.0

n.a.

4.6

13.1

5 0
_ .

'The 'Coe ex ma be e cted to fall --6(5-bbtw-
82%. with an aPproximate doubling of enrolment._provided a suitable Point
is chosen. This implies equal proportionate deterioration in the staff:
student ratio and in staff-cost per student. It must:again-be emphasised
that the ildeterioration" in the staff:student-ratio repreeents*improved
efficienty, as there.is ne adverse change in course struoture, nor any

. _

, increasein.average staff teaching load.
- -

,Whenvel-ghted bythenuMher,of stndents an each course, the average
value 6t the StiaT COst Index on the nine coursea falls to 69% with an
approximate doubling of enrolment to an optimum point. If this sample of
ous.._riesirersitcosesturhen the over:111 11,4ghtud1

taffsstu ent atto for all ILK. Universities and all subject groapswhich.
:11 could"deterioraten to 1:16 1 with an a ro ate

Isa4ng_oftudent_lusaimum_pjaere chosen for each
course.

16,500

84,600

27;200

28,900

7,600

40,200

142100

14,800

40400 ,

In terms of the unit economic costs defined in Fart 2 (excluding
costs attributable to research, but including annual costs of buildings and
equipient), these economies imply reductions or between 5.0% and 13.1%.
Savings of this order are substantial and represent reductions in current
expenditures. When weighted by the number of students on each course, the
average saving in economic cost per etudent is 7.7%.

1 Using conventional U.G.C. weights for postgraduates.
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The final column of Table 5.6 shows the total annual financial
savings obtained by expanding the courses on the basis of holding the
average teaching load constant (and consequently allowing the staff:
student ratio toodeteriorateu), compared with expanding them maintaining
a constant staff:student ratio. The ratio used is the national average
weighted etaff:student ratio for the appropriate subject group in 1968/69 .

These savings are calculated by first costing the extra staff that would
be required if the relevant national average ratio were maintained, and
then subtracting from this figure, the cost of the (fewer) extra staff
required to hold average teaching load constant. The very high savings
in Chcmical Engineering reflect the double-entry of students each year,
and the fact that "doublingu of intake to an optimum point In fact involves
an increase to two and a half times the present intake.

The total annual financial savings for the nine courses amount to
£238,300. At the increased level of enrolment the saving would be £520
for each fo the 384 atudents enrolled each year.

3) Recommendation

The use of the Staff Cost Index to assess staff requirements is
especially useful at a time of expansion. It is sometimes objected that
the uee of teaching commitment to measure staff requirements would
encourage professors to intensify the teaching of their courses by in-
creasing contact hours and diminishieg the size of teaching groups, in
order to cbtain more staff for other activities such as research. In the
context of expanding existing courses this objection does not apply. In
the calculations in this chapter, course structure has been held constant,
and staff requirements increase less than student numbers. The U.G.C., in
considering universities' requests for additional staff to back the
expansion, and universities, in allocating staff to departments, could
similarly assume that the existing course structure be maintained, and
make their allocations on that basis. Universities, and departments,
would not be entitled to claim extra staff simply in order to inteneify
the teaching content of their courses.

Such a system enables the relative requirements of different-sorts
of courses (conventional 3-year courses, thick sandwich courses, thin
eandwich courses, part-time courses, etc.) to be measured more accurately
than by the present system of norms With essentially arbitrary weightings
for different types of course.

The economies identifedaboveine_suordicansion
with a constant staff:student ratio results in more staff being allocated
than are necessarvto maintaln the. estin average teaching_load of etaff.
In view of this it is stronelv_recommended that cons deration be given to
lualamel teachAhg,commitment basis rather than a_staffistudent ratio beamin calculatina_the extrasa.miorte-axiofs-tew
numbers.

2
See Appendix 4 for details.
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CHAPTER 6

Economies Arisin_vfrom Che.naing the_Strueture of_CourseS

In this chapter, four methods of changing the course structure
are combined, and applied to some individual courses. Student enrolment
on each course ie held constant as each parameter is varied separately.
The four parameters are:-

1) the total numberof contact hours per student embodied in
the course, i.e.'the number of hours teaching a student
receives each week.

2) the number of optimal subjects ta-Tht within the course.

3) the size of teaching groups, in terms of the maximum nuMber
of students that may attend a meeting before it must be
repeated. .

4) the relative balance of different types of teaching 'meeting
aectures, classes, tutorials and laboratories embodied
within a fixed" total contact hours.

As each of the parameters is varied, the number of teaching meetings
that must be provided is calculated (Reference back to Chapter 4,
particular figure0 4.2 and 4.3 would be useful at this point)

An Index of the number of meetings is then calculated, which
expresses the number of meetings generated by different course structures
as a percentage of the number required with the existing structure. This
Index may be used as a measure of the proportionate changes in the number
and cost of academic staff with different course structures. Subsequently,
absolute values are calculated for the full annual financial co.0, by using
the average teaching loads found in the 1968 survey at Bradford', and the
average cost figure of £3440 per member of staff. Finally, the economic
costs-per-student, as defined in Part 2, are recalculated by altering the
academic staff cost element in proportion to the value of the Index

1) CHANGING THE TOTAL NUMBER OF CONTACT-HOURS PER STUDENT

In this section we investigate the. effucts of varying the total
number of contact-hours per student embodied in the course. By ucontact-
hours per studentfl is meant the'number of hours teaching of all kinds
lectures, classes- tutorials, laboratories, etc.) received by an individ-

ual student on the course during 'one academie year. Group size maxima
are held constant.

The method adopted is tp start frem the present_number of:contact
hours and make successive .10% additions to.and deductiens from this figure,
covering a range from 10% of the present figure up to 200% of it. :Thus if
the present number of contact hours received by each student"is 600 per
year, then successive values froM 60 by stepsof 60 to 1,200 are Used. For
each successive figure of contact-hours, thetotal number'of teaching
meptinge.that must:be provided it.-calculated2, and the effeat on,cost
investigated.-

See Appendix 4, Table 2, for the loadb used for each course.
2

- Program VA54DASEYAD.. See Appendix I-.
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In making the10% changer in total contact-hours, on tho course, the
hoursof each type 0Vmeeting compoSing the course have been altered by 10%$
thus maintaining the same relative balance of types of teaching within the
course. The method thus isolates the effects on staff requirements of
varying the total contact-hours per student.

Tables 6.1 to 6.9 show for each course at each level of contact-hours,
thenumber ef meetings that must be provided, the proportion that this is of
the present load, the fall 'staff cost-per-student, and the total annual
savings in staff costs compared with the present situation. Figure 6.1
shows the results graphically.for twe courses. Identical straight line
graphs could be drawn for the Other courses.

The Tables also show 4hO effect on the e,onomic cost-p student of
these changes in academic st,a.1-2 coats. In these calculations no change in
the per-student cost ef classroom arid laboratory space has been made. This
is because, in strict output-budgeting terms, unused resources are allocated
to various outputs in proportion to their share of used resources. In-so-
far- ai the'ex_tra contadt hours are under-utilised teacing accommodation
there i n zet addition to the university's teaching space, andsin-so-far
as the occomr.irdation freed with fewer contact hours becomes unused, there
is no :-.'.-11_1-7.t17,1A in tba uni7.ersity's.teaching spacn,

I Contact Fours

Ghange tn- Total Contact Hours
. .

20% Dr,,sent 40%
14.72mbel-

1:716 1, 72: 1,029

120 j 100

3,748
j

3,123 2,498 1.,874

5,.625 0 45,6251+ 1,250

No. of Meetins Provided
% ef present No. of

Meetings
Full Staff Qost-per

= Student-(EY
Total Annual Financial

Saving (E)
= saving)

1 40

4 3721

,250'

686

1,249 '

+16,875

ECONOMIC COST PER STUDENTS

Academic Staff Cost (E)
I Academic Staff Offices(E)
I Total Economic Cost-per-

Student (E)
% Saving in Cost-per-

Student

I

.769 I 659 549
soi 68 1 57

1

1

3,5361i 15 '1 3,294

439: .329 j 220
46 34 23

73 r 3,052 2,931

+7,4% +11.0%.7% 1 0



Table 6.2: Chemical Eh ineering Teffect ofChanging Tetal_Contact Holum

No. of Meetings Provided*
of present No. of

Meetings
Full Staff Cost-per-

Student (E)
Total,Annual Financial

'Saving6 (E)
( + = saving)

ECONOMIC COST PhA STUDENT

Academic Staff Cost (E)
Academic Staff Offices (E)
Total Economic Cost-per-

Student (E)
% Saving in Cost-per-

+ = sav-

* per half-year, i.e. for each c,f the

812

140

742

1-16
P
960

!

in Total C
+20%, Presen

' Number
. _

Chan

1,553

1201
1

636 '

-8,4801
1

1,294

100

530

_

1,036

80 I

424i

+8,480,

ct Hour

844
.73

2,825

740 617
62; 52

1

2,691; 2,557

494
42

423

7771 918

60 40

318 212

6,960 +25,440

370 247
31 21

2,289i 2,155

1-10.4%. +15.7

Table 6.3 Colour Che is

tw- intakes.

- Er-:!ct_of haning _gLIA1,0entact_Hours

% Change in Total Contact Hours_
+40%, +2-0% Present

Number

No. of Meetings Provided'
% of Present No. of

Eeetings,
Full Staff Cost-per

Student (E)
otaIAnnual Financial

Saving (E)
( + = saving)

3,695 3 167

1401 120

2-881 2,469

L17,288'

ECONOMIC COST PER STUDENT

Academic Staff Cost (E)
Academic Staff Offices (E)
Total'Economic Cost-per-

qtudent . (E)
%-Saving in Cost-per-

Student

099
L 942

88 L 76

i 4,257 4,088

-8.6% -40%

2 639

100 ;

1

2 058 1

0

2,111

80 1

1 646

8,644

1,583 1 056

60 40

11235 823

7 288 +25,932

785 628 471 314
63 50 ! 38 25

918 3,748 3,579 3,409

0 +4.3% 8.6% +12.9%

.10

6.3
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Tabl 6,4 : Civil Engineering - Effect of Changing Total Contact Hours

Chan_e in Total .Contact Hours
+40 +20% ,Prosont- -20% -40%

:Number ;

of Meetings Provided
of Present No.

Meetings
Fnll Staff Costper-

Student CO
Total Annual Financial

. Savings (g)
( =,saving)

60294; 5,395 4,496 :

. .140; 20. 100

10519! 1,302 10085

-28,600 4$ 300! 0

0597 1

80

868

414,300 '

2,698 1,798

. _60 4P

651 434

-2 0600 0900

ECONOMIC COST PER STUDENT

Academic Staff Coot- (g)
Academic Staff Offices (g)

I

'Total Economic Cost-per-
Student (E.)

% Saving- in Cost-per-
Student

2.751

-8.

.

5501' -458 1 . 366 275 183
57 ! 46 I

. 34 23

_2,6121 2 509 2,406 1 2,303 2,200

-4.1%; 6 +4.1% +8.2% +12.3%

Table 6. ::Computor.Science --EffeCt 'ca' Changing Total Contact Hours

No. of Meetings Providod
% Of.Presont.No. of

Meetings
Full Staff'Cbst-per-

Student (g)
i Total. Annual-Financial.

Saving -(E)
( + = saving)

_ Gha e in. Total Contact Hour
1 +40% +20% ;Present -20 -40%

'Number.

1,192 . 10022

140 -120

2,590k 2,220

-8,800 74,400

851

100

1 850.

0'

681 511 ; 341

80 60 ' 40

1,480 ! 1,110 740

+4,400 1 +8,800 ,200

7CONOMIO C0E1T P2R STUDENT,.
1 - Not Available
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Table 6.6 : Social Sciences 7 Effect of_Changing_Total Contact_Hours

No ()I: Meetings Provided
% of Present No. of

Meetings
Full Staff Cost-per-

Student (E)
Total-Annual Financial

Saving (E)
( + = saving)

ECONOMIC COST PER STUDENT

Acctc Staff CnTlt (g)
0.'=ces (g)

1.01,o_L IDEtan Co;3t-per-
lort% (g)

% Sav*ng dn Oost-p
.

Studont
( saving)

% Chan e in Total Contact Hours
+40% +20% Present -20% -40%

Jiumber
60%

8,413 7,211i 6,009

140 120! 100

861 738! 615

-29,520 -14,760

f

561 _4871 406 325
84 721 60 48

t

1s818 ii7251 i1632 1,539

11.4% 5.7% ! 0

4,807

80

492

0 +14,760 +29,520

3,605 2,403

..6° 40

369

I:::t44,

244 162
36 24

1,446 1,353

*11.4% +17.0%

Table 6.7 : Ap15c,r1 Physics - fo Total_Contaet Hours

+40 +20 Present -20%? -40% 1 -e0% /;Number

No. of Meetings Provided 6,293 5094!
% of,Present No. of

, MbetinO,
Full Staff Cost-per

Student (E)
Total Annual Financial

:Saving (E)
( = saving)

140 I 120

4,6841 4,015,

-29,460 -14,730

EO0N0KI0 COST PER STUDENT

Academic Staff Cost (E) 1,040:
Academic Staff Offices (E) 56
Total Economic Cost-per-

Student (E)
,

3,995 !
% Saving in Cost-per- ;

,

Student
1 -8.6%

( + = saving)

4,495 3,596 2,697 i 1,797

106 80 60 40

3,346 246t7 2,u08 ! 12339

0 *14,730 9,460 :4-44,190

892; 743
i

594
481 40 ; 32

!

3,839! 3,682 1 3,525

0 +4.3%

_

6.5
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24 16

369 3,212
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Table 6.8 Applied E34,212gyff22-1_pf Chan Total Contact Hours

A No. of Meetings Provided
I % of Preprint No. of

Eec-.tinqs
I

Full St;:iff Ces+,-per-
Stude,---t

Total Annual Financial
Saving (E)

( = saving)

fManre in Tot 1 Contact Hours
+20% PrcTiont. -20% -40%

Ettaihor !

165 4427 3ér9
140 120

3,437 2,945 2,455

2 340 -16,170 0

100

ECONOMIC COST pER STUDENT 1

Academic Staff Cost (Z) 1,324 1 1,135 946
Academic Staff Offices (E) 1 80 68 57
Total Economic Cost-per- !

.Student
: (E) ' 3,493 3 302 3,110

% $aVing in COst-per- .

Student . -124'4% -642% -0

2,951

80

1,964

: 16,170

2,213 1,475

60 40

1,473 982

32,340 +48,510
1

757 568 378
46 : 34 23

2,918
I

2,727
I

2,535

+6.2% ' +12.4% +18.6%

--
Table 6.9 : Natorlais Science Effect of_ Chan'ing_ Total Contact Hours

No. of M etings Provided
% of Present No. of

keetings
Full Staff Co,s,-per-

Student (-7,)
.

Total- Ammar Financial
Saving .(E)

( o,n7irio;)

ECONOMIC COST:212. STUDENT

Academic ftaff Coat
Academie Staff Offices
Total Econ6Mic Cost-pe

Student
% SaVing In Cdst-per-

8:tudent
( = saving

(E)

'I Change ln Total Contact Hours
#20% Present -20% -40%

'Number

50025i 42307 3,589 2 871 2,1531 1,435

1401 120 100 80 60

4,6091 3,950 3,292 2,634 1,975. I

-z-27,640 -1 3 820 0 3,820 +27,640 I 41,460
f

4

t

375 1,178 982 786 : 589 393
32 241 16

4,089 3,8841 3,680 3,476 3,271 3,067

-11 2% ! -5.6%, .0 +5-6% 11..2% , - 16.8%
,
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It is clear from figure 6.1, and from the tables, that the number of
meetings provided, and therefore the full staff cost per student changes in
direct proportion to the change in the total number of contact hours incor-
porated in-the course. Thus a doubling of contact hours doubles academic

- staff cost per student and a halVing et contact hours halves this cost.
The annual financial savings of a reduction in contact hours are substantial,
and Table 6.10 shows the total 'savings over the nine courses together of
various proportionate changes in the total contact hours.

Table 6.10 : Total_savings on_9_Course Rela le to Tot l Contact H urs

% Change in Total Contapt Hours
+40% +20% Present! -20% -40% 1

.'Nember

-219,000 00.

60%

+109,000 4-219,000 +328,000

In tux-;!lo of the economic cost-per student, the reduction in cost
associated with a 20% reductlon in cOntact hours ,arieS between 3,7% and
6.2%. T-nu for all tN,:, r!:=os, woihted by the number of students
on each couro is 5.1%.

2. CHANCT7G THE NUMBER OF 0PTI0qi1I c'.-73JFCTS

In this section we consider the effects of altering the number of
optional c'aljects that are available to students. A subject is "optional"
if it is. eze of a series of alT,ernabives from which a student must select
t lea5L, vne: it is not optional.in the sense that he can avoid altbgether

this pr.: .1. o the course. The course structure, in terms of contact hours
of c,i-kch -c,7-e-,! of meeting and groups sizes, remains unchanged, but smaller or
lar ntlKibers of optional subjucts are offered to students, from which
they-mot choose the same number of subjects as at present. The number of
compulsory subjects and their hours of teaching are held constant.

Not all courses contain optional subjects, and in those that do, not
all years of the course contain them. Furthermore, the present situation
with rererd to number of options varies considerably. The first year of the
Social F.eLences conrse,currently offers eight options of which students must
choose :f*l_ve. Other courses require simply a choice of one out of two
subjeei.e. The pattern is further complicated in that in some courses, the
optiolie rover a very large proportion of the total contact hours, whereas
in othez's only a single lecture a week may be involved.

6.7



It is therefore difficult to generalise about the effect on costs of
changes In the number of optiohal subjects offored. The mothod adopted here
Is Ito start with the present situation oh each course, and then alter the
number offered by one and two in eahdirocton. The proportional change in
the nUmber of options thus differs bet-vr-Al ,!(-6zr:es. must be taken
not to over-generalise from highly.specific

In estimating the number of students -who wlli select a particular
017, n the-ne range avai2,able, the method differs according to whether
the being increased or decreased.

-,.rf:11-ing the number of options, that one which cnrrently enrols the
----rtion of the students on the course, is discontinued. ThestIto it are re-distributed over the remaining options in propor-

tion i ho _usent size of those remaining options. The resultant total
number of mc.etings is calculated. ThisTrocess is successively repeated
wiih the smelliest remaining option.

In increasing the number of options it is arbitrarily assumed that
add=ionoi option attracts the same proportion of students as it

ropr(isch::,s of the number of options available, i.e. if a fifth option is
is added to four existing ones it will attract one-fifth of the students. It
is further assumed that these will be drawn from the existing options in
propnrtion to their present size, i.e. each of the four original options
loses one-fifth of its enrolment.

As far as the teaching Of tLe additional options is concerned, it is
assumed that they involve the same number of lectures, classes, etc., and the
same group siZOLI as the original optionS. The situation pertaining at the
University of Bradford suggests that this assumption is realistic.

Tables 6.11 to 6.14 show the roslilts for r,--ourses that at present
contain optional subjects, and figure 6.2 exrc.e,see the reEialts graphically.

.Table 6.11 : Colour phemlstry - Effect of Chang1rg _the Number of Ovtional
Suhiects

Numborof-Olotional Subi cts

+2 +1
Presen
Number -1

.No- of Yectings Provided 3,168 2,904 2,639 2,309 2,309
% of Frer.o.T:40. of Meetings 120.0 110.0 100 87.5 87.5
Full 5tafS: oost-per-Student-(E) 2,470 2,264 2,058 1,801 1,801
Total Annual Financial Saving (E) .-8,650 -4,330 0 j +5,400i 5,400

C..-i- = szl.vin

tCONCiiIIC CO8T PERZTUDENT

Academic staff'COst (E) 942 864 785 687 687
Academic Staff Offices (g) 76 69 63 I 55 55
Total Economic CeSt-per-Student'(E) 4,088 4,003 3,918 3,802 3,802
% Saving in Cost-per-Student -4.3% -2.2% 0 +3.0% +3.0%

= savin

Only 2 options currently available thus results for -7 and
-2 are the same.

6.$
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Table 6.12 : Ci 1 En n - Effect of_ Chan
tional_Subsects

the Number of

No. of Meetings Provided
1 %.of Present No. of Meetings
Full Staff Cost-per-Student
Total Annual Financial Saving

( + .5;aving)

Number of Optional Subjects

+2 +1
Present i

-1 -2
Number _1

14,712 4,604 4,496 4,388
104.8 102.4; 100 ! 97.6
1,135 1,110; 1,085 i 1,060

-30300 -10650 0 ! +1,650

4,280
95.?
1,035

+30300

A

i ECONOMIC G01-.T l'ER STUDENT

Academic SbcilT Cost (E)
( Offices (E)
! ''::,at-per-Student

--1,er-Student
: ..r7)

Table 6.13 :

480 469
60 58

::.0534 2,521
-1,0 -0.5%

458 , 447 436
57 ; 56 54

2,509 2,497 2,484
0 +0.5 +1.0

mputer Science - Ef eqt of Changing :tbe Numberna3.
SUIVects

+2
1 +1

1Present
-1 -2N ber

No. of Ve('!1:-,5, ccvided 891 I 871 851 832
-% of Prent of Mbetingo 104.7 1 102.4 100 97.7
'Full StitTZ

1 1,937 I 1,894! 1,850 1,807
Total .11 TiT=ial Saving

1 -1,044 1 -528 0 +516

812
95.4
1,765

+1,020

PYR STUDENT Not Available

6.9
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Fuil7=7

_

.1

i

.

cI- 1 .intional Subjects
'a

=11"t: -2
I i

No of Meet1ncr5
::'c,:lt-iper-Stude:at W

765
1128 !
694 t

6r, X!? !

.106,-01
6.2

6,009
100
615

.

1 To ,i__.:. .:_.1--._--:_- ':-'_: ,1-c,7,cial F,avi ng (-; : -9,0 , --.1440 1 0

'17.71.R OTUT)ENT

:

!

1

i

1

458 i 430i 406
Academic F.-47i7-J..--f- Oeflccs (g) : 68 1 64 ! 60

. Tctni ti.:7,:,,.: -per-Student (E )
,

1,692 : 1,660! 1,6
----n,,,--P.tudent -3.7% ; .--1.7%1

32
0

. .
1

,... -- , .

,

1

1

i

,

J

I

1

i

52583 1
930 1
573 1

+5,040 ;

4,992
83.2
512

+12060 i

378!
56!

1,600 !
+2 0% t

1

I

337 i

50
1,535 i

+4.

It .aan be eeen from the tables that a increase in the choice of options
available onuses an increase-in the number of.teaching meetings provided and
therefore in staff cost par student. Conversely a reduction in the available
number ef ottions snabics staff sconcmlos tc bo Thus a reduction of two
in tho numteL' I e k:a2c.uid to ti.,u7)1Ja:1 y. in Colour
Memistry (the scp._1=Lv1.1%nt ( I taff :=1-,nrs); in Civil Engineering
(1 staff member), g1,020 in Computer Seience 1.t.,-Iff member), and £12,360
In Social.Scionces (almost 3 ,-itElrf mrs), Th2 ff,;c:t on the economic cost
per student is quite signifient - a Sciences. Even
the 1.0% saving in Civil Engdneering is imporLan.t%, from such a relative minor
chans7e in the pattern of teaching. Whilst it mif-rht be difficult, and indeed

nail,able, to persuade uniVerolties to reduce the range of
optio.nt0 sl,:,7r,n available, it is Important that_thev.should_not_nroliferate
thc' Options further_as this sipnificanny in,.:t'easns cost jocr
studsrJ:, - in C;olour Chemistry we calculate that two extra options woUld
increase the economic cost per student by 4.3%

3. CHANGING THE MAXIMUM SIZE OF TEACHING GROUPS

investigate the effects of changing the sizes of teaching
cmps,nent of existing courses, professors have specified

the f.=f_ 111.7,...r of students that may attend a meeting. These maxima are
classdfieJ ter 4, table 4.1. If student enrolment on a course exceeds
this rt-Jr!:Th. rL the meeting will be repeated. This does not apply to
lectcl:m F.410 y:ofeseors have specified that there is no maximum to the size
of gre.,T,

6.10
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In'thitt section, the COUrSe Structure is alt red by varying'group
size taxima7,'whilst holding:_constant the total contact hours per student and .

the'relative balance of different-teaching methods.. The method adopted is to
increase and decrease:the.group.Size maxima for'all themeeting types together
1;05r steps,of 10% from 50% ef-present Size to 2.0.0% er -present size except In
'the case of lecturei where the "no maximum" condition:is retaineAc Thus if a
courbe consists eflectures, classes of 30 studerits and classes of 50 students
.the.group sizes considered will range from 15 and 25 by steps of 3 and 5
respectively up to 60 hha-190.

,

Reslilts are presented in tables 6.15 to 6.20, and in figures 6.3 to
6.8.

Table 6. 5 Phanaaco12g Effe t of CharEg_.zeof Te=hin Groups

Chan e.in Maximum Grou Siz
'740%. --20% Present +20% +40%

Size

1,716 1,7161 1,716 1,683No. of Meetings' Provided
% of Present No. .of

Meetings
Full Staff-Cost-per-

Student (g)
Total Armual-Financial

. Saving, CO
= sa

2,Z75 i,716

1441 100

4,503!.. 3,123.

712,400 0

100. 100 100

123 3,123 3,123 3,061

0 0 0 +560

ECONOMIC COST PLR-STUDENT'

Academic Staff Cost (9
Academic Staff Offices (E
Total Economic Cost-per-

. Student.(E)
%:saving ih Cost-per-

Student
( =-saving)

791 ! .-)49

80,; 57

3,558i 3,294

-8% 0

6.11

549 549 549
,57 .57 57

3,294 3,294 3,294

0 0



Table 6.16 : GoflDutor Science - Effeet_2LJOIARALUNLALELEstazajlamm

% Chanae in Maximum_Grou
Z25T7Presant +20A +40% +60% ;

sizo

1 072 I 950'
851.

851 851No. of Meetings Provided'.
% of Present No. of-.

Meetings
Full Staff Cost-per-

Student (E)
Total Annual Financial

Saving (E)
( = saving)

127

2,350

16,000

851

100

1,850

0

Table 6.17 : Chemical Enaineerina - Effect. Changing Size_of Teaching
Grimes

ohaL. G DU Size
"160% -20% iPresent .+20%, ' +40% : +60

S ze

go. efIKeetings Provided*
of Present No. of

Meetings
FUll Staff Cost-per-

Student (E)
Total Annual Financial

Saviuge W
( + savitv:

leo

1 $29.

141

747

7,400

355 i

104

551

1 700

1 294 1;289

100

530 525

0

10257 1,216

96 93

493

I+400 41,700 '43,000

ECONOVAC COST R-J.11. F,TUDENT

Academie Staff COzt (E)-
Academie Staff Offices (a)
Total Economic Cost-per-

Student (:0
A Saving

( + !zt:Ivi

870 6421 617' 611
73 54 52 51

2 831 2,584 2,557 2,550

-10.7 -1.1A1 0 0

586
50

2,523

+1.1%

574
49

2,511

+1.7%

* Per half-year, i.e. for each of the two intakes.
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Table -6.18 r Colour Chemistry Effect _of Changing Group Size

1 -40% -20% 'Presenti
Size

;-

um_Group SiZO _

+20% +40% ) +60%

No. of Meetings Providoc
% of Present No. of

Meetings
Full Staff Cost-per-

Student (E)
Total Annual Financial

Savings (E)
( + = saving)

2,7491

138 !. 104 100

1

2,840; 2,1401 2 058

-160400 ; -1,720 1 0

2,639 2,598 2,558

98 I 97

2,017 i 1,997

+880 1+1,320

ECONOMIC COST PER STUDENT

Academic Staff Cost (E)
Academic Stcff Offices (E)
Total Economic Oost-per-

Student (E)
% Saving in Cost-per-

Student (E)
+ =.seving)

1,083 816
90 66

4.240 3,952

-0.9%-8.3%

785
. 63

3-918

0

2,546

96

1,976

+1,720

769 I 761 754
62 61 60

3,901 1 3,892 39884

+0.5% i +007% +0.9%
i

Table 6 19 : P Egineerin EffectofChaSize

Chan- e in um Group 8ze
-40 -2 Present +20

Size
+40%

No. of Meetings Provided
% of Present No. of

Meetings
Full Staff Cost-per-

Student (2)
Total Annual Financial

Savings (E)
(+ = saving)

5,813

129

1,400

-20,800 -15,700

.5,481

122

1 324

4,496 I 4,164 4,164

100 93 93

1,085

0

1,009 1,009

5,000 +5,000

4,164

93

1,009

+5,000

ECONOMIC COST PER STUDENT

Academic Staff Cost (E)
Academic Staff Offices (E)
Total Economic Cost-per-

Student (E)
% Saving in Cost-per-

Student
( + = saving)

591
74

2,659

-12.0%

559 458 426 426
70 57 1 53 53

2,623 2,509 i 2,473 2,473

-4.5% o +1.6% +1.6%

6.13

112

426
53

2,473

+1.6%



Table 6.20 : social

% Change in Maximum Group Size
-40% -20% i Present +20%

Size
1 No. of MeetIngs Provided
% of Prea,:at No. of

Meot1nT3
1 Full Stat

Stucle (6:;;

Total Annual F3pf,ncial

( =

8,242 7,129

137 ! 118

843 726

-27,400 -13,320

ECONOMIC COST PER STUDENT

Academic Staff Cost (g)
Academic Staff Offices (E)
Total Economic Cost-per-

Studeht (E)
% Saving in Cost-per-

556
82

1,804

Student -10.5%
.( 4.-.= saving)

6,009 ' 5,281. 4,983

100 1 87; 84

615 535: 517

0 +9,600 +11,800

1

479 406 3531 341
; 71 60 521 50

1,716 1,632

0

1,571
1

+3.7%±

1,557

+4.5%

4,798

80

492

4,800

325
48

1,539

+57%

It can:be seen that economic cost-per-student-is very inSensitive to
increases in the maximum sizes of teaching groups. Apart from Social Sciences
a 60% increase in group size never reduces economic cost-per-student,by more
than 1.72 Only in Social Seiences does the size of group significantly affect
AOCAPM1c cest,and here a 60% increase in,group size causes economic cost to
fall by. 57%

annual financial savirigs in the cost of academic staff are
cori-espnrarTy F.mall. A 60% Increase in group size on all six courses saves
only E2,,a.

Oa, bhe ot:I.sr hand a reduction_ip group size maXima, is mUch more
significaYlt, 1 out of 40% causes increases in economic cost of between
8.0% arid

6.14
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'ssment of the relative costs of different thols of
teachinr. la cloak-vly related to the relative effectiveness of tho
different g.ethods 1.1 turns of the c_.uality and i2:1cact of the
educe:Limy imi)arted. It strikes too at prefessorial sovereignty
in tile te:.:chin.L. of 3)10 subject. L Ce not, i this .rcpori;.,
Co: Jni; upon 1:11, offcct,ivo-.--03 of different teachin,
..ct?ods thcr, wu ,:ttettpt to ri:o4sure the cost, in tors of

tettchinz load,- of alternative piethods of teaching c..cistine,
courL;,Jfz.

The total nuL.1.),r of contzt hours per studunt is held
constant but the rel:Aive b.7.1.A.Eri,.; of lectures, c1o.s3es and
tutorials CO.u8titUt1flL the course is altered. Because or the
Teat Variety of 001.ibinations of te::).cliine IJOthods cUrrontly in
at the Imblversitr of i3radford, it in difficult to be wholly
Systu, atic ix the- Llannor of cha,o_,Ii:g the col;...hinations . The
n.ethod :,eilorally ado ;ted is to reduce the ni...mibor of lectures per
vice% by 25%, 50 ai d 100;0 and it-lei-case othe!2: forms of tee.xhing
to ;.laintain the saete total contact hours per student. '2ho13 the

number of classes and sehthmrs is reduced by the same
proportion. ithr couxm.::) where individuza tutorials are given, one
of the eor,binations i-,ostulated is to rei.dace thu, by lectures.

1

rDo.-- of tileetinCJ3
% of present 1.9. of 1-..eetings
Full Staff Goat Lltuclunt''

2;Tourenout this- s ction group size 1.16::_d_Lo. are held con-stant.

esults aro ,-;resented La tables 6.21 to 6 25
and .5_:n fii:.;urs 6.9 to' 6.,12

o.21

erovided

.2harmacoloka.- Different combinations of

Present: reduction in
othod `to. of loc tures

au6 1740 i3_766 -183_5

101! 103 106

!3123 3154:3217 3310

reduction:Abolition of
of ;Tutorials

c1asses

1733' 1749
I 101 102

-3154 3189 .3061

1679
:.

an);ual baVinL;
.

saving) . ) 0 -280 -440 -1WQ -2U0 -5
-t-

EC014QLiIO COST Pi 6
, Staff Go.,t (E) 549

LcadeA lie Staff Offices (E) 57
otal oconeuic cooL per student( )i3294
Saving in coot per student

= saving)

4 565 563!!': 554
59 ; .61

+560

003312 i 3332 it 3300
,

0 (-0.2:i-;; -0.6%; -1.02:--7-00,2,-, ;-0
i ..

6.15 117

322
+0041"-



= =

bciulloq Difforont caa,binations

-Prosont,
ifietbod

of teachip.,=

%,roduction in
Ifo. of locturos

;.,othodgm

Abolition of141bo1ition
'Classes iof Tutorials i

.50,i; -100%

351 i C65-.00. of M-..,..t.14-1-;s Provided 947 1043 1208
1

673

! % of Present Lo. of 'ioetinEis 100 111! 1231 142 102 79

Full $taff Cost tudontN ; 20542276; 2627 n89 1461

Total iinniul 2ina; oial
0 :-2450 -W)0'-9300

Tq101k_Li2,2

'ELOIJWIG CiX.1T 31'TIS.:11-C.T . 1.JOT iVAILADLE'

! 7450 +4700

UhoLical Engi.a..Jorinp; - DiffirunL. corub1,1;:Ltions
of tcacillIlL notbods.

?resent
hothod !

_

Bo. of ivicotio.rJa ovic.ed 1294
% of Prosont ifo4or 100

Staff Cos r btudont(Z) 530

!:Total Am.wl Fir-..noicil -Saving 0
,

(-,+
_

EC0.1).0gIO GOJT PPR. TaveCT,

Acadeoic Staff Oabt 617.
I Acadawic- Staff .0f fic es (.5;)

C

;Total_ Econonio Cost -,or Student

recluciiion In
of lcoturos.

-25%:4.50%i-100%I;
141A 1583 1840

111 ! 122! 142

i 563 i 64'7! 753

Li 650 i-9350-1780Q

% Saving in Cost por Stuclont(
+ = savinj

2:557

% roduction In: Abolition
1404 of classes of

-50%! -7100%
Tutoricas

-r-
381! 1811 1119

107 1 140
567 ! 742

-30001-17000

J

i 5

t
i

665 753 876 1 '660 8

58 i

641 74 56

; 1 .

'2633 !.2699 2836 2604 2t.,25
, , .

I / I r
1'50 670 t `11.0%0 -1.8% i -10.5

ncr balf=y-Lar, i.e. for ,,,61.1 of tuo intakes.

6(.16
1 E

7m,SaaT]

37

463.

k +5500

537

45

2470

+3.5%



24 Civil ..,,ht.'in-:orj.ns '61ons

of tcnchin J.othoes.

Prosent % reduction in
othod of lectures

of IxA4ti:L;: l?rovided

of Present -143. of 1..i:;.Ainl!,5

1Full btaff CQcJt ilc..r Stmlont

Annual 2i1 Savin
(a.)

-L001..01C.: COST PR STUOULT.

kcaduic Staff Gost

Acadchlic Staff Offieos.(Z)

Total Econa ie Oot Stud. :G

.7_1jt; for Student

+ =

w.25
_ -

:496 4813_

100 107

035 1161

-501-100

51111 5744

114 128

1237 139

Abolition of
lasses:Classes ;Classes
of 401 of 30' of 20

4979 I 4424

111 9s

1204 1063

0 5000 ,-.10000 -20000

522 535

65 7

2509 2545 2563 2u53

.0 -2.81, -5.7,,

Table 6.25: Colour_Chemiatu - Different eombinations
of teaching mothods

No. of Meetings Provided

% of Present No. of Meetings

Full Staff Cost per Student

Total Annual Financial Saving
(E)

(+ = saving)

Present! % reduction in % reduction:
Method No. of lectures 1 in No. of

classes
1.50%! -100% -50%; -100.

1

4-

2639 4077 5622! 8563i 4787! 6830
1

100 154 213 1 324: 181! 259

2058 3169 43836668i 3724! 5331

1

0 i-23300 -4880C 96800,-3500 -687130 +2600

Abolition
Tutorials

2477

94

1935

ECONOMC COST PER STUDENT

Academie Staff Cost

Academie Staff Offices (-E)

Total Economic Cost per Student
(E)

% Saving in Cost per Student

J.+ savIL.A.g)

I

785 12091 1672 '2542 142-i ; 2034 if 738
4 )

63
1

97 134 1 205 1141 163

1 I
1

3918 4376 4876 45817 46051 5330 ;1
0

.

-11.7 -24.91-48.5 1-17.5 !-36.1 :I

113

59

.387



The effeet of altering,the balance of different types ofteachinE meetinglwithin_the existing tetal -)ntact hours vrrriesconsiderably betWeen courses. The repiagement of lectures by moreclasses and tutorialsof thcr sane size and la the same proportionas with.the existing course structure causes economic cost perstudent td'Ase:betvclen 1.2% and 48.5%, or on.averago by 13.0%.Replacement of classes by lectures and tutorials causes economic costto-increase-by between-0.4% and 36.1%, er'on average by 9.9.Replacomont of .tutorials by lectures and classes shows savings in'economic cost of between 0.4%'and 3.5%, an avQrage saying of 2.7%

The alternative:combinations of teaching method6 stulatedabove aro enly a teW-Of an a/most'limitless range Further researchwill bc Undertaken into the possibliltieb, and discussion& on thosewill be held with the''S hools of study involved.'
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CHAPTER 7

Ebonomle_ Ari in froraInereasin The Teachin Load Of Staff

In Chapters 5 and 6 it was assumed that the average annnel teaching
load of staff remained constant. Now, in Chapter 7, we investigate the
potential savings from increasing teaching load.

After briefly commenting on the relationship of teaching and
research, we look at a number of indtvidual courses and see how the number
of staff required, and consequently the annual financial cost, woule vary
in different teaching loads. Savings are calculated in terma of the full
cost of the staff concerned, i.e. no allowance is made for time devoted to
research, etc. Substantial potential economies are identified.

Finally, we consider the effect of changing teaching load on the
econemee cost-per-student defined in Fart 2. We conclude that this is not
a pee.1(eelarly helpful way of expressing the savings, but has important
implications in identifying the "savings" as largely reflecting a transfer
of reeourcee from research acAvities.

1) RELATIOeSHIP OF TEACHING AND RESEARCH

It has often been suggested that teaching loads might be increased
in order more economically to cope with additional students, even to the
extent of employing some staff whose solo function would be to teach, and
who would not be'exi.eeted to engage in research. This proposal is normall.e
countered tee th, assertion that teaching and reeearch are mutually depen-
dent.- that reeceech enables a lecturer to teach his subject in a stimulat-
ing and up-to-le.Ge manner, and that the discipline of ordering thoughts for
the purpose of teeching is invaluable in giving shape to otherwise
amorphous recearch activities.

Acceptance of the need to combine teaching and research activities
does not however preclude the possibility of altering the actual distribu-
tion of time between the two. Whilst there is abundant material to support
the case for engaging in both, there has been no justification of any
particular pattern of distribution.

The survey of academic staff time carried out in the University of
Bradford in 1968 found that the proportion of staff time during term, devoted
to work directly related to undergraduate students varied between 45% and
61% in different Boards of Studies. Actual teaching time per week averaged
between 6 and 8 hours in different boards.

These averages, however, conceal considerable differences between
departments and between individuals. ,Indeed the very nature of the academic
post requires flexibility. Insofar as univereities engage in the two
activities of teaching and research, one would expect that tVe dominant
talents of different members of staff would be in one or other of these
directions.

It appears, however, from the figures quoted above, that there is
scope for increasing average teaching loads, at the expense of other
activities without completely removing opportunities for research, and
in this chapter we make selectiveadditions to teaching loads in order to
see what effect this has on cost334:"- 123
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2) EFFECT OF INCREASING TEAGHINQ I,OAD ON TUELTOTAL STAFF COST OF COURSES.

In this s4ction we take each of the courses studied in Chapters 5 and
6 and recalculate the number of academic staff required, and the total
academic staff cost of the course, with several diffurent average teaching
loads. The present course structure, in terms of contact hours and group
sizea, is held constant, and enrolment is progressively increased up to an
approximate doubling of tiv: 7sent intake. rThe costs quoted represent the
full cost of the academic ff c.,-.quired to teach the course - no deduction
is made in respect of the rropcrtion of time devoted to other activities
such as'rebearch.

Five.alternative values are attributed to the average teachineload,

a) the current averagel.oad for the appropriate Board of Studies
within.the University of Bradford.'. Theaearó the values found
by the 1968 survey, and modified.:toallow for the subsequent
,erioration in the staff:student ratiol Theaoad is 210 houra
pcx year for alI courses except,Social Sciences, which is 280,
atid Computer Science which is 132.:

b) a 25% increase in the current average lead (260, 350 and 165
hours per year).

c) a 50% increase in the Current average.load (315, 420 and 198
hours per year).

d; a 75% increase in the currezt average load (365, 470 and 231
jr-es per year).

the load obtainedby assuMiag that the U.K. average weighted
staff:student ratio for the appropriateU.G.C. subject,group
was actrially in force in the Univeraity of Bradfovd, calculating
the notional staff entitlement at the current level of
enrolmentA and diA.ding this into the number of meetings
provided..4 The U.K." average ratios applicable to each c urse
are:Shown in Table 7.1, together with-the nominal annual
teadhing load per member of staff.. It will be seen that
these vary considerably.

1* .See Chanter 4, Tables 4.4 and 4.5 for'details.

2.
See Appendix 4, for a full description of the me od of calculating
this load.
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Table 7.1 : U.K. Average W ighted Staff:Student Ratios, and
Nominal Teaching Loads at the University of Bradford

Course
U.K. Average Weighted

I Staff:Student Ratio
1

Pharmacology

I

Chemical Engineering
Colour Chemistry
Civil Engineering-
Computer Science
Social Sciences
Applied Physics
ALpplied Biology

1

Materials Science

Nominal Teaching
Load

(hours per year

1

1: 7.04 465
1:12.38 100
1:11.09 475
1:12.38 281
1:12.07 284
1:13.47 225
1:11.09 569
1:10.71 439
1:11.09 500

Figures 7.1 to 7.9 show the number of academic staff required, and
their total cost at different levels of enrolment, with each of the
alternative teaching losds. Scale 1 .measures the number of academic staff
required, and Scale 2 the total academic staff cost of the course, attribut-
ing the .Lull cost of staff to the course. Each line on the graphs represents
a different teaching load, the dottPd lines being the nomin_11 load obtained
by applying the U.K. average staff:student ratio.

. below.
The detailed results present d In figures 7.1 te 7.6 are summarised

Tables 7.2 and 7.3 resT)ectively show, at the current level of
student enrolment, the number of academic staff required, and the academic
staff cost of .the'Aourse, for each teaching lead.

Tabl 7.2:, AcadeMi staff Numbers in relation to Teaching _oad with the
Current_Ehrolment

Course

Teathing_Load

Current
,. 25% 50%

fer Board old-
Average-

increApe (increase

Studies 1
1

i

8.2 6.6 5.4
12.3 9.9 8.2
12_6 10.1 8.4
21.4 i 17.2 i 14.2

1

6.4 1 5.2 i 4.3
21.5

'
17.2 ! 14.3

21.4 17.3 14.3
17.5 14.2 11.7
17.1 ( 13.8 11.4

Pharmacology
Chemical Engineering
Colour Chemistry
Civil Engineering
Computer. Science
Social bciences
Applied Physics
Applied Biology

' Materials Science

!: Obtained from
75% U.K. Staff:

increase ,; Student Ratio

4.7
7.0
7.2
12.3
3.7
12.8
12.3
10.1
9.8

3.7
25.8
5.6
16.0
3.0

26.7
7.9
8.4
7.2
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Table 7.3 : Academic Staff Cost of Course:in relation to Teachjned
with t e CUrrent Enrolment

Teachin Load

Current , btainudfrom
'75%.25% 50% .'Average. U.K. Staff:increase tincreas- croase _,1 for Board of ; tudent Ratio

Studies

E
Pharmacology 28,200
Chemical Engineering : 42,300
Colour Chemistry 43,300
Civil Engineering 71,500
Computer Science . 22,000
Social Sciences 74,000
ApplieL Physics 73,600

:Applied.Biology 60,200
j Materials Science 58,900

.. _

: E E
22,700 18,600
34,100 28,200
34,700 28,900
59,200 48,900
17,900 1 14,800

59,200 . 49,200
59,500 49,200
-44900 40,200
47,100 39,200

16,200 12,700
24,100 4 88,800
24,800 18,900
42,300 !:; 55,000
12,700 ji 10,300
44,000 !J 91,900.
42,300 27,200
34,700 28,900
33,700 24, 800

It will be seen that the potential savings are aubstantial. Table 74
shows the total annual savings from the nine courses together if teaching
loads were increased, compared with.the situation vith the preaunt teaching
load.

Table 704 To.t,S.avinsurinrelation to Increased Teachin
Load with:the _Current Enrolment

Increase in Teaching Load
2

Number of Staff Saved 26.8

Total Annual Saving in Staff Cost (E) 1 93,300

0

46.2

159,000

7

58.5

201,000

-It-is unlikely that staff establishment would be cat to the extent
necessary to generate increases in teaching loada of the sizes quoted above.
What is mere likely is that during an expansion of student numbers the
groWth in staff numbers would be ao restricted as to force an increase in

-average teaching.load._

7.4
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Acc,rdingly, we postulate thc same increases in student numbers as
wore considered in Chapter-5. Numbers are increased to approximately twice
their present size, oare being taken to choose optimum points corresponding
to troughs in the StaffOost Index.

Tabled 7.5 and 7.6 respectively, avow, at an optimum level of
enrolment approximately double the present, the number Of academic staff
required, and the academic staff cost of the course, for each teaching load.-

Table 7.5 Ace/emi- S aff Numbers in rUation to Teachin Load with
an Approximate Doublin of Enrolment

Cour-

ed- in Load

Current
Average

for Board of
Studies

25% 50% 75%
increas 'increase increas

Obtained from i
U.K. Staff:

;1Student ratio ,

! Pharmacology 11.9 9.6 7.9 6.8 5.4f Chemical Engineering 19.0 15.3 12.6 10.9 40.0
, Colour Chemistry 18.8 i 1.52 12.5 10.8 8.3
Civil Engineering 27.7 22.4 18.4 1509 20.7
Computer Science 8.1 6.5 5.4 4.6 3.8

; SecialcienceS 33.5 26.8 22.3 19.9 41.7
Applied, Physics 36.4 29.4 24.3 20.9 13.4
Applied'Biology 26.1 21,0 17.4 15.0 12.5
Materials Science 31.2 25.2 20.8 17.9 -13.1

Table 7 6 Acadomic_Staff Co3tof Course in Relatlen to Teaching
Load with an Aproximate Doublin of Enrolment

Teachin Load

Course
Current

25%Average
Lfor Board of; increase

Studies

50% 75%
increase increas

-4

Obtained from
U.K. Staff:
Student Ratio

i

! Pharmacology
:

! Chemical Engineering:
,

1 Colour Chemistry i

1 CJ-.711 Engineering
i Computer Science
1 Social Sciences
Applied Physics

I

Applied Biology
thaterials Science

£
40,900
65,400
64,700
92,900
27,900
115,000
125,000
89,800
107,000

g
33A00
52,600
52,300
76,700
22,400
92,200
01,000
72,200
86,700

I

.

I

I

g
27,200
43,300i
43,0001
63,300;
18,600
76,700
83,600,
59,900;
71,500

g
23,400
37,500
37,200
54,700
15,800
68,500
71,900
51,600
61,600 1!

18,600
138,000
28,600
71,200
12,700

143,000
. 46,100
43,000
45,100

oil 1 7,5



Table 7.7 shows the total annual savings from the nine courses
together if,- at the higher level of enrolment, teaching loads were increased,
compared with the situation if teaching loods were hold constant as student
numbers increased.

Table 7.7 : Total Savings on_9 Courses in_relation to Increased_Teaching
Load wit.h n ';.7--,Toxii:ate Doubling of _Enrolment

Number of Staff Saved

Total Annual Saving in'Staff Cost (

Increase in Teaching Load

90.0

142,0001 245,000 ! 310,000

Table 78.presents the academic staff cost-Qerstudontat differ° t
teaching loads, showing.how the cost falId with'incroased enrolment and
increased teaching loads.

Table 7.8 Acadamic Staff Cost- sr-Student in Relation to _I.roreased

Enrolment and Innrona.ELLMEMagilliLi2EA

0ourse
...

1.
. Dal Allademic Staff Costs:sr Student

I
.

1 Enrolment: Current .4. roximate Doublin

.i Teaching Load: Ctir

Pharmacblogy
Chemical Engineering,
Colour Chemistry
Civil Ehgineering
Computer_OCience
Social Sciences
Applied ,Physics
Applied-aology -

Materials Science

..3123
530

E

1715
328H
1060 '

1085 774 ;

1850 1165 1

615 480 :

3346 2610
2455 1447
3292 2700

EiEIE
1375i 1133 975
263; 217i 188
8721 717: 620
6391 528! 456-
9321 774A 609
384! 320; 285
2104 1742; 1 500
1203i.997 1 717
2167' 17871 1540

.In summary, the.combined:offect of an increase in enrolment to aa
"optimum" point approximately double ttie_present intake, together with a
50%-i-1-wren:se in teacEing load, walst maintaining the ,existing course
struCture is to reduce the full academic-staff cost per student by betwean
46% and 65%.
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3) EFFECT OF TEACHING LOADON UNIT COSTS

In this section we study, with the aid of a hypothetical example,
the effect of increasing teaching load on the economic cost-per-student
defined in Part 2.

Let us suppose that expansion of a course from 120 students to 160
causes the wer.kly number of teaching meetings to increase from 72 to 96.
We further suppose that there are at present 12 staff teaching an average
of 6 hours pei week, and that, overall, 50% of their time is devoted to
work connected with the course. Average cost of a member of staff is
£3440 per year, thus the total staff cost of the course is E20,640
(E31,40 x 12 x 50%), and staff cost-per-student is iF,172 (T.20,640 120).

.Now if staff numbers are held at 12 as enrolment increases, the
teaehing requirement of each staff memberrises from 6'to 8.hours per week.
The staff:student ratio is worsened and staff are revired to teach 33%
more hours per week.

What effect does this have on cost per Student? Let uS assume for
the moment that in order to teach one-third more, hours, each member of
staff must increase the total time he devotes to the course by one-third,
i.e. that preparation and marking increase in direct proportion to the
amount of actual teaching.

Staff can be compensated in either of two ways for the increased
time devoted to the course:

) by an increase in heir remuneration commensurate with the
increase in their workload. Since staff spend 50% of their
time on work connected with tho course, the increase of a
third in their course work represents an increase of a sixth
in their total workload. If salaries were increased by a
sixth 073 per head) the total cost of the course would be
£272520 (i.e. 220,640 + (12 x £573)), and average cost per
student remains at £172. ThUs there i$ no savipg in average
cost if staff remuneration increases in direct -oroportion to
workload.

(b ) by a commensurate reduction in their other duties, e.g. in their
reseakch activitdes, It might be thought that this would reduce
average economic cost per student because no extra expenditure
on staff is incurred in teaching the additional students. This,
however, is not so. By Increasing the time devoted to the
course by a third, staff now spend 66.6% of their time on the
course and 33.3% on research and other duties; thus instead of
allocating half their salary (r,1720 per head) to the course,
two-thirds (iC2293 per head) must now be alloted. Total cost of
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the course would be £27,520 and average cost per student £172,
just as it was in (a) above when staff were actually paid for
their increased teaching duties. What has happened in this case
is that staff have shifted part of their effort from other
activities to the course; consequently, the cost of that effort
must be transferred to the course. The extra students are

icedatthesaaB.ecos--atez_grodt.udItasreviouslusin
resources transferred from other activities. The one-third
lnp_129gsLin_IbenEmilm_of students on the course is catered
for b a one-third reduction in research effort. There has
been no increase in efficiency, no reduction in quality, but
an alteratien in the relative amounts of different outputs being
produced.

Now the assumption that the ,total time devoted to the couree (includ-
ing preparation, marking, etc.) is directlyyroportional to the number of
hours of actual teaching, is not necessarily valid. Indeed in the case we
are considering, where the greater teaching load is due solely to the need
to repeat existing teaching meetings, ahd Where there is no change in the
teaching content of the course, it is extremely unlikely that total time
devoted to the course will increase by anything like the same preportioa as
the number of hoUrs of teaching. There may be additional marking, but there
will probably be little if any extra preparation.

Let us reconsider the example, this time assuming that the additional
load on staff is limited exclusively teathe extra two hours of teaching-
Assuming (quite arbitrarily) that staff work an average of 40 hours per meek,
then additional remuneration of 2/40 of existing salary might be'paid to
staff, i.e. £172 per head. This adds £2,064 (£172 x 12) to the cost of the
course, making the total cost £22,704, or approximately £140 per student
insteed,of E172. Alternatively, if staff are compensated by a reduction in
their other duties then the effect is to transfer 2/40 of total staff costs
£2,064) from research, etc., to the cost of the course. as above, the s_otal
cost of the course is £22,704 and avarage cost approxlmatefy £140 per student.
In this la:ot case the one-third increase in the number of students on the
course is catered for by a reduction of only one-tenth i.e. from 20 to 18
hours per week, in other activities.

We can now draw two coaclusions. Firstly, that ll'altatajleagamiartja
maintain qayaedi_.3:ii,.t_ag_.onthelituaintermsofrousizeLu._p___
content of the course sav' s in cost r student can be achieved only if
staff increase the number ofhours thix_t4a01Al_n_ueatar_mommtLaljama
ahetiereratio,cma.- Insofar as the expansion
of student numbers consists of taking more students on existing courses,
it seems likely that this condition will hold. The analysis in Chapter 5
of the effects of increasing enrolment, showed that the extra teaching
meatangs-generated were simply Hrepeate of existing meetings; if these are
taught by the same member of staff.it ill probable that no extra preparation
will be needed.



The second coneluslon is that whether staff are directl remunera-ted for adc3Ational course 1,04 or have t%eir other dutitaceatamszaaalialaglylightenedthe effect on economic coat_pelajlillanp the course is thesame. In tho first case the extra resources required for the course (staffovertiae) are bought with additional expenditure; in the other case theyare shifted from other activities, and their cost must also be transferredfrom those activities and added to the cost of the course; admittedly thereis no increase in total expenditure, but there is a loss of the otheroatpui e. no-%ahay research. Insofar a_aaialleaparlerit is to increase under-Eradaaa nnahare without an egiaDprease ia_aeampaabiLtagale then the loss ofreseare:' ef-Cart may well be an acceptable PrAce, particularly if theacep-d-itions oua first concluaion also hold. (What must obviously be avoidedis a siaaLlaa in which staff are paid more for their extra teaching, butthemselves reduce their other activities in order to "make time" for theextra cearas work; this cou/d mean a loss of other outputs without any fallin cost aaaaa.%adent an the course). In other words, by increasing teachingloads, L'ae ceat of the additional students is met, not by bringing in extraresourens from outside the university, but by reducing the output of theresearch side of university activities.

At a time of expansion of student numbers, this may not mean anabsolute Pall in research activity. As additional staff are employed it ispossible to raduce the propertion of time (averaged over all members ofstaff, eaieting and new) devoted to research without any absolute reduction.Iadeed, there is no prima facie reason why, because the number of under-graduate students is to be, say, doubled, that research activity shouldalso be doubled. And yet the maintenance of a constant teaching load,through a period of expansion, in fact provides the resources necessaryfor this parallel increase in research. Furthermore, as we saw in Chapter5, the mainten nce of a constant staff:student ratio allows teaching loadto fall, thus actually increasing the proportion of staff time availablefor reaearch.

Thus, whilat the concept of economic unit costs is not particularlyhelpful in measuring the abaolute savings due to increased teaching loads,it is valuable In highlighting a vital queation :- "Does the nation, forevery £1,000 epent on additional academic staff to teach the extra studentsit wants, also want to spend a further E1,000 on research?".

7.9
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PART h.

UTILISATION OF BUILD-4 S

The financing of university buildings in the United Kingdom can conveniently
be divided into two: the buildines capital cost, and tle cost of maintaining and
operating it. These together constitute between one-third and one-half of cost per
student in different courses, so that any savings which might be made in them are

worth investigating.

The capital cost of an existing building is "sunk" in that none of it can
be saved or retrieved unless the building is sold or rented out. However, the buil-
ding can be utilised more fully, by teaching more students in a given period of time.
This leads to savings because the additional students will not require new buildings,
which would have had to be built if the level of utilisation of the existing buildings
had not been improved. The additional capital cost of providing a new teaching place
is estimated by the Department of Education and Science at £3000 (or MO annuallY
at 10% over 60 years although this figure includes recreational and catering facili-
ties.1

At the same time the costs of maintaining and operating existing buildings
may increase with their greater utilisation. However, the increase is net likely to
be more than proportionate to student numbers, and will probably fall pro rata.

There are two broad ways ia which a building may be used more fully:

(i) more intensively

(a) by using more fully the available flow of room-hours
prescribed by the length of the working day, week,
and academic year

(b) by using more of the seats in each room, by ensuring
that each class meets in a room no bigger than is
necessary to accommodate it.

Chapter 9 considers the effects on costs of more intensive
utilisation of teaching accommodation.

1. U.K. Department of Education and Science: Education Planning Paper No. 2: "Stu-

dents In Higher Education in England and Wales", HMSO, 1970, Table 14, p. 28. A
footnote is given to the figure of £3000 as follows: "Including acquisition of
land, building costs and professional fees and initial furnishings. An apportioned
share of the cost of circulatory space and of those recreational and catering fac-
ilities provided for all students, whether or not residential, is also included.

Student residence is exoluded.0
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(11) more extensively, by increasing the length of the working da7
and/or week and/or academic year. This will increase the nuLL-
ber of room-hours available in a given year with a fixed stook
of accommedation. Chapter 10 considers the cost implications
of more extensive

Both methods facilitate a fuller utilisation of existing university buil-
dings and thus avoid the cost of putting up new buildings. Eventually, however,
existing buildings will reach full capacity and any further expansion of student
numbers will require a new building. Possible economies here are considered in
Chapter 11.

The capital cost of a new building will constitute a high step in the finan-
cost of the university, at least in the Short run when the building is being construc-
ted. This raises the question of constructing new university buildings at a lower cost
per square foot. Also, stulent numbers will tend to increase slowly so that the new
building will not become reasonably utilised until after a few years of use. Economies
might be made if university building programmes could be more closely related to the
expansion of student numbers, so that small units of buildings, possibly pre-fabricated,
are added as required instead of putting up one large building from the start. Alter-
natively, pressure on accommodation might be allowed to became severe before new buil-
dings aro constructed, or enrolment policy may be so planned as to bring now buildings
rapidly into full use.

Firstly however ye consider the existing level af utilisation of teaching
accommodation in the University of Bradford.
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CHAPTER 8

THE EXISTING UTILISATION OF TEItCHING ACCOMMODATION

1 Fur.oseTeachin Accommodation

Table 8.1 shows the degree of utilisation of roams by type and size in the
university as a whole.1 (Certain buildings remote from-the main campus or due for
early demolition are excluded.) The number of hours actually timetabled for each
room is found as a percentage of the current 3'7_ hours per week maximum available.2
The average utilisation rate for the whole univ3rsity is 58.7%. Figures are aggre-
gated for all rooms of the same type and size, and the result is shown in Column 7
of the Table. Comparisons may be made between the utilisation of:

(1) rooms of different types, and,
(2) rooms of the same type, but of different sizes.

(1) Rooms of different types

The striking point here is that drawing offlcos are very much under-utilised
compared with ether room types. They average only 21.3% utilisation of room-hours
per week compared with other room types which vary between 58.8% and 63.6% utilisation.
All eight drawing offices are scheduled for only 58 hours per week in total. If these
could be used at the current rate of utilisation of the other room types (i.e. 58.7%)
then three drawing offices only (providing about 100 hcurs per week) would be suffi-
cient to meet present needs, instead of the eight at present available. It seems
likely, therefore, that some of these spare drawing offices could be converted to
general teaching rooms, leaving enough excess capacity for any expansiofl of student
numbers in the short-term.

It may be thought that drawing offices aro too specialised to be shared by
different schools. However, according to a recent interi-sal university report, this
is not the case in the engineering schools, which use six of the eight drawing offices
Concerned, There are plans to make the use of offices more flexible between the
schools, although it is thought nnlikely that more than one drawing office w1l1 be
converted.

(2) Room of different Sizes

Comparing the utilisations of rooms of the same type but of different capa-
cities is difficult because of lack of data concerning the group sizes_involved in

This includes the five major university buildings, viz. Main, Civil Engineering &
Nuclear Science, Chemistr.y & Chemical Technology, Chemical Engineering, and Wardley
House.
This is the current basic teaching week at the University of Bradford (9:00 - 1:00
and 2:00 - 5:00, Mondays to 17ridays, excluding Wednesday afternoons).

142



T
a
l
e
 
8
.
1
 
T
a
C
H
I
N
G
 
R
O
O
K
 
U
T
I
L
I
S
A
T
I
O
N
 
B
Y
 
B
O
O
M
 
T
Y
P
E

(
1
9
7
0

-
 
1
9
7
1
)

T
y
p
e
 
o
f
 
R
o
o
m

(
1
)

S
i
z
e
 
o
f
 
r
o
a
m

(
r
a
n
g
e
 
o
f
 
n
o
.

o
f
 
s
e
s
 
)

(
2
 
)

N
o
.
 
o
f
 
r
o
o
m
s
 
o
f

M
a
x
i
m
u
m
 
n
o
.
 
o
f
 
r
o
o
W

s
i
n
 
i
n
 
U
n
i
v
e
r
-

h
o
u
r
s
 
p
e
r
 
w
e
e
k
 
a
v
a
i
l
-

i
t
y
*

a
b
l
e
 
(
(
3
)
 
x
 
3
2
 
h
r
s
)

(
3
)

)

H
o
u
r
s
 
p
e
r
 
w
e
e
k

r
s
c
h
e
d
u
l
e
d
 
f
o
r

u
s
e

(
5
)

S
u
r
p
l
u
s
 
h
o
u
r
s

p
e
r
 
w
e
e
k

(
4
)

-
 
(
5
)

(
6
)

P
e
r
c
e
n
t
a
g
e

U
t
i
l
i
s
a
t
i
o
n

i5
1

x
1
0
0
)

(
(
4
)

(
7
)

'
(
1
)
 
D
r
a
w
i
n
g
 
O
f
f
i
c
e

6
1

3
2

&
3
2

0

D
r
a
w
i
n
g
 
O
f
f
i
c
e

1
6
 
-
 
1
8

3
9
6

2
2

7
4

2
2
.
9

D
r
a
w
i
n
g
 
O
f
f
i
c
e

3
2
 
-
 
4
2

2
6
4

1
8

4
6

2
8
.
1

D
r
a
w
i
n
g
 
O
f
f
i
c
e

6
0
 
-
 
7
2

9
6
4

1
8

4
6

2
8
.
1

T
O
T
A
L

8
2
5
6

5
8

1
9
8

2
3
.
3

2
)
 
L
e
c
t
u
r
e
 
T
h
e
a
t
r
e

7
0
 
-
 
7
2

3
9
6

6
0

3
6

6
2
.
5

'
V
-
L
e
e
t
u
r
e
 
T
h
e
a
t
r
e

8
0
 
-
 
9
5

5
1
6
0

1
1
7

4
3

7
3
.
1

t
7
L
e
e
t
u
r
e
 
T
h
e
a
t
r
e

1
0
5

1
3
2

1
2

2
0

3
7
.
5

P
l
e
c
t
u
r
e
 
T
h
e
a
t
r
e

1
2
6
 
-
 
1
4
4

2
6
4

3
2
.
5

3
1
.
5

5
0
.
8

L
e
c
t
u
r
e
 
T
h
e
A
r
e

1
6
1
 
-
 
2
1
6

3
9
6

1
4
3

5
3

4
4
.
8

T
O
T
A
L

1
4

4
4
8

2
6
4
.
5

1
8
3
.
5

6
3
.
6

)
 
L
e
c
t
u
r
e
 
R
o
o
m
s

1
5
 
-
 
2
0

1
3

4
1
6

2
5
8

1
5
8

6
2

L
e
c
t
u
r
e
 
R
O
O
M
S

2
4
 
-
 
3
0

2
7

8
6
4

5
5
0
.
5

3
1
3
.
5

6
3
.
7

L
e
c
t
u
r
e
 
R
a
i
n
s

3
5
 
-
 
4
4

1
7

5
4
4

3
4
8
.
5

1
9
5
.
5

6
4
.
1

L
e
c
t
u
r
e
 
R
o
o
m
s

5
0
 
-
 
6
0

8
2
5
6

1
5
4

1
0
2

6
0
.
2

T
O
T
A
L

6
5

2
0
8
0

1
3
1
1

7
6
9

6
3

4
 
O
t
h
e
r
s

1
2
 
-
 
2
0

1
2

3
8
4

2
1
7

1
6
7

5
6
.
5

O
t
h
e
r
s

3
0
 
-
 
6
0

3
9
6

6
5

3
1

6
7
.
7

T
O
T
A
L

_
_
_
_
_
_
_

1
5

4
8
0

2
8
2

1
9
8

5
8
.
8

O
V
E
R
A
L
L
 
A
G
G
R
E
G
A
T
E

1
0
2

3
2
6
4

1
9
1
5
.
5

1
3
4
8
,
5

5
8
.
7

L
a
b
o
r
a
t
o
r
i
e
s
 
(
o
t
h
e
r
 
t
h
a
t
 
S
o
c
i
a
l
 
S
c
i
e
n
c
e
s
)
 
a
r
e
 
e
x
c
l
u
d
e
d

*
i
.
e
.
 
M
a
i
n
,
 
W
a
r
d
l
e
y
,
 
C
i
v
i
l
 
E
n
g
i
n
e
e
r
i
n
g
,
 
C
h
e
m
i
s
t
r
y
,
 
a
n
d
 
C
h
e
m
i
c
a
l
 
E
n
g
i
n
e
e
r
i
n
g

u
c
l
e
a
r
 
S
c
i
e
n
c
e
 
B
u
i
l
d
i
n
g
s



T
a
b
l
e
 
8
.
2

c
o
n
t
i
n
u
e
d
)

T
E
0
W
H
I
N
G
 
R
O
O
k
 
U
T
I
L
I
 
M
O
N
 
B
Y
 
B
U
I
L
D
I
N
G

T
y
p
e
 
o
f
 
R
o
o
m

1

S
i
z
e
 
o
f
 
r
o
o
m

(
r
a
n
g
e
 
o
f
 
h
c
.

o
f
 
s
e
a
t
s
)

(
2
)

-
-
-
-
-

i
o
,
 
o
f
 
r
o
o
m
s
 
o
f

*
s
i
s
o
 
i
r
 
U
n
i
v
o
r
-

k

s
i
t
y

i ' I

(
3
)

h
a
x
i
m
u
m
 
n
o
.
 
o
f
 
r
o
o
m
/

h
o
u
r
s
 
p
u
r
 
w
e
e
k
 
a
v
a
i
l
-

a
b
l
e
 
(
(
3
)

3
2
 
h
r
s
)

x

(
4
)

H
o
u
r
s
 
p
e
r
 
w
e
e
k

s
c
h
e
d
u
l
e
d
 
f
o
r

u
s
e

(
5
)

S
u
r
p
l
u
s
 
h
o
u
r
s

p
e
r
 
w
e
e
k

(
4
)

(
5
)

(
6
)

P
e
r
c
e
n
t
a
g
e

U
t
i
l
i
s
a
t
i
o
n

(
f
5
4
x
 
1
0
0
W
0

4
1

(
7
)

W
A
R
D
L
E
!
 
H
O
U
S
E

_

1
5
 
-
 
2
0

2
6
 
-
 
3
0

3
5
 
-
 
4
0

1
6
 
-
 
2
0

1
5
 
-
 
2
0

2
0

1
1
 
-
 
2
0

7
2

1
4
4

, 8 5 4
1 i

3
1

6

1
1

I
1 1 1

.

2
5
6

1
6
0

}
1
2
8

I

9
6

1
9
2

3
2

.

3
2

3
2 3
2

1
5
7

1
2
3 9
5
.
5

6
4

1
0
3 1
7

1
5

,
2
0

1
6
0
5

9
9 3
7

3
2
.
5

3
2

8
9

1
5

1
7

1
2

1
5
.
5

6
1
.
3

7
6
.
9

7
4
0
8

6
6
.
7

5
3
.
6

5
3
.
1

1
4
6
.
8

6
2
.
5

5
1
.
6

L
e
c
t
u
r
e
 
R
o
o
m

L
e
c
t
u
r
e
 
R
o
o
m

L
e
c
t
u
r
e
 
R
o
o
m

L
a
n
g
u
a
g
e
 
L
a
b
.

S
e
m
i
n
a
r
 
R
o
o
m

G
e
o
g
.
 
L
a
b
.

P
 
s
y
c
h
.
 
L
a
b
.

[ 1
L
e
c
t
u
r
e
 
T
h
e
a
t
r
e

i
 
L
e
c
t
u
r
e
 
T
h
e
a
t
r
e

T
O
T
A
L

1

-
-
-
-
-

3
0

9
6
0

6
1
1

3
4
9

6
3
,
6

1
C
I
V
I
L
 
E
N
G
I
N
E
E
R
I
N
G
 
B
U
I
L
D
I
N
G

3 4 1 2 1 1

9
6

1
2
8

3
2

6
4

3
2

3
2

1
2

6
2 0

1
8

1
6

1
2

8
4

6
6

3
2

4
6

1
6

2
0

1
2
.
5

1

4
8
.
4

2
8
.
1

5
0

3
7
.
5

I
 
L
e
c
t
u
r
e
 
R
o
o
m

!
L
e
c
t
u
r
e
 
R
o
o
m

1 L
e
c
t
u
r
e
 
R
O
O
M

i

D
r
a
w
i
n
g
 
O
f
f
i
c
e

i
L
a
c
t
u
r
e

T
h
e
a
t
r
e

L
e
c
t
u
r
e
 
T
h
e
a
t
r
e

2
0
 
-
 
2
6

3
6

6
0

6
0

7
2

r

1
2
6

2
1
6

(

T
O
T
A
L

1
2

3
8
4

1
2
0

2
6
4

3
1
,
3

.
I
a
b
o
r
a
t
o
r
i
e
s
 
(
o
t
h
e
r
 
t
h
a
n
 
S
o
c
i
a
l
 
S
c
i
e
n
c
e
s
 
)

a
r
e
,
.
 
e
x
c
l
u
d
e
d

/
c
o
n
t
i
n
u
e
d



each class hour. Although the largor capacity rooms may be well utilised in terms
of room-hours, they often house relatively small classes which it would be quite
possible to hold in smaller rooms. The problems of timetabling, and the lack of
stock of rooms of the appropriate sizes within the university, may-give rise to this
placing of small groups in large rooms.

There is little variation in utilisation rates for rooms of different sizes,
In the ease of lecture theatres, the largest of them tend to be used less than the
small. Thie situatian may be reversed over the next five or ten years, however, for
the expected expansion in student numbers, along with the growing use of the modular
system of teaching, whereby students on severalcifferent courses attend the same
lectures simultaneously, should lead to many very large lecture groupso

In Table 8.2 the stock of rooms is broken down by building. The Table
shows little variation between buildings in the average utilisation of rooms with
the single exception of thu new Civil Engineering building. Whereas the four other
buildings vary between 61.3% and 63.6% utilisation, Civil Engineering hao a utilise-
tian rate of only 31.3%. This low figure ariees from the fact that it is the newest
of the teaching buildings at Bradford.3 The School of Civil Pngineering is stationed
in the building and is responsible for virtual_Ly the whole of the 31.3% usage. The
building's undor-utilisation is thus aggravated by its lack of use by othtir schools,
and this is probably because of the difficulties of chenging the central timetables.
As a result, only additional class-hours are likely to be scheduled in the eew buil-
ding, and then only when space is not available in the area at present toed by the
sehool concerned. It would be eointless to move existing meetings into the Civil
Engineering building just for the sake of improving its utilieation. However, it is
clear that there is considerable surplus space in this building, and the present
central control of room allocation should ensure that this space is brought into use
as the demands of other schools increase with the growth of their student numbers.

Apart from the Civil Engineering beilding, the utilisation slightly exceeds
the rate of eighteen hours a week (or 56% utilisation assuming the Bradford 32 hour
week) suggested in a report of tho Committee of Vice-Chancellors and Principa1s94 as
a minimum at which a university should be considered for a new building.

Probably the most under-utilised of all rooms in Bradford University are
ehe Great and Small Halls and the Main Lecture Theatre. Together they cover a con-
siderable floor area and encompass an even larger volume of air. They are not time-
tabled for any regular teaching periods, but at least one of them could be in use at
any time without seriously restricting their availability for public and social occa-

The cost figures quoted in Chapter 3 relate to the year during which
neering moved from the Main Building into its own premises. The f.1,
quently include part of the costs of both these buildings.
The Committee of Vice-Chancellors and Principals of the Universities
United Kingdom: "The Utilisation of Non-Specialised Teaching Rooms,
1968

8,2
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Sions, and their large capacity would be especially valuable for large le- -ores gl.venIn common to students on several cour s

1de have shown the utilisation of general teaching rooms and drawing officesat one institution, namely Bradford University. It would be useful to know how far
the situation here is typical of other univerSities.

The report Of the Committee of Vice-Chancellors referred to above contained
the reiUlts of a survey cevering the utilisation of lecture, seminar, and tutorial
rooms at 47 universities In the United Kingdom. The results of the survey were bro-
ken down into five different classes of university. Regarding the three classes which
together constituted the bulk of the universities -- the "larger", "smaller", and
"science and technology" classes -- it was found that each of these classes averaged
1.6 seats per student, which showed thtet the U.G.C. norms in terms of areas (or
roughly, seats) per student seemed to be applied (the other classes of university
averaged slightly less). On the other hand, the weekly elass-hours per room averaged
12.1 for the "larger" and "smaller" universities, but 18.1 for the "science and tech-nology" univereities. The general teaching area in the last class of universities
was thus used more intensively, probably reflecting a greater number of class-hours
per student. ne significant point is that the U.G.C. norms on spaco-por-student do
not distinguish between differences in average teaching hours per course between
universities, so that the "larger" and "smaller" universities with their apparently
lighter average teaching loads have excees space.

Teachin Laboratories

LabOratories are normally used either for'teaching or f or research, although
some researchers may use a teaching laboratory in a spare'period for research work of
a simple or small-scale nature. Because laboratories are highly specialised, they
are allocated to the school for whose use they were designed. The school itself then
timetables its teaching laboratories. Data on the utilisation of teaching laboratories
has proved difficult to obtain, but has been gathered from five schools of stn4Y, andthis is shown in Table 8.3.

Table 3.3 Utilisation of Teaching Laboratories

Discipline

(1)

0.,

of-
'Labs

(2)

Max. no. Of
room hours'
available /
week
2)x 32hrs

(3)

Kours/Week
Scheduled
for use

(4)

1 "Surplus'
'hrs/week

(3)-(4)

5

Percentage
Utilisation

) x 100

6

Applied-Physics
Electrical. negineering
Colour Chemistry
Pharmacy- -

-Applied-Biology

zi-

11
5

13

128
.352
.160
416

-128

-45
148
-27
209
61

83-
204
133
207
67

.35%- :

42%
17%
50%
43%

AVW1' AGE __- 1184 -- 490 .694 1 41%
,

8.3

cbt
148



Laboratories are highly expensive to construct, service, and maintain com-

pared with general teaching areas. Hence if laboratories are essential tor a course,
it is desirable that they should be used as intensively as possible in order to spread

the cost as widely as possible. However, the limited evidence in Table 8.3 shows
that laboratories tend to be considerably under-utilised in terms of hours actually
scheduled for use. At the same time the complaint is sometimes heard, -or example

in Biology, that laboratory accoemodation is tight. This paradox may be related to

the fact that laboratory classes_often require considerable preparation, particularly
in the biological sciences; hence many laboratory classes are held in the afternoons,
leaving the mornings free for preparation, and thus causing a lawee: level of utilisa-

tion. Because of this, 100% utilieation is likely to ne Impossible to achieve, and

the "surplus hours" figures in Table 8.3 shouM therefore be viewed with caution.

Probably the best long-run answer from the point of view of economy would

be to abandon laboratory work for teaching purposes. At Bradford, Chemical Engineering

have gone a long way towards doing this, arguing that their students gain laboratory

experience during their industrial periods. However, in other schools, there is con-
siderable resistance to even reducing laboratory practicals. In the caee of the Life
Sciences, it is argued that many firms would rePuse to take students without laboratory

experience, for their industrial periods. The alternative is to lengthen the working
day to provide sufficient time both for the preparation and for actual teaching

It has so far proved impossible to devise a measure of the capacity of
laboratories, because on different years of different courses ntudents may work alone,

in pairs, or in small groups. The number of laboratory "stations" is not therefore
directly related to the number of students that can be accommodated, nor in the case
of some subjects is the numblIr of "stations" constant. Thies makes it extremely diffi-
celt at present to judge whether br not laboraoties are being used efficiently.
Further research into the factors affecting the area of laboratories required in
different subjects would be invaluable, as the cost of laboratory space is a major

element of cost per student.

airalm_Lua_pased on U.O.C. Norms

The univerelty_has Made_its_own comparison5 oi the accommodstion actually in
use in 1969-70 and its theoretical entitlement under U.G.C. planning norms, based on
the number of_ptu4gpts, enrolled in.1969-70. _Table 8.4 summarises the findings.

. Table 8.4 AEIRal AccoMmodatien,and Theereticallbtitlement
:Based-on UA,C. Nerels,_1969-712

Type of Lecommodation
Antnal Area Theoretical

Entitlement
Exceas over
Entitlement(sq.ft. )

Staff Offices.
GeneralpurpoSe-teaching roams
Laboratories ce

77;416
75,271
272007

71,750
36,282
174;947

8%
108%
56%

-University of'Bradfor Document S03/10-71,'Appendix 2, 'October-1970

8,4
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The entitlement for staff offices relates only to staff financed by U.G.C. funds;
the 8% surplus is available for use by .separately financed research staff. The excess
of general purpose teaching rooms bears out the findings on utilisation presented
earlier in this chapter. The U.G.C. would itself treat the laboratory norms with
caution; nevertheless they confirm the low levels of laboratory utilisation in the
sample of schools of study investigated in this report.

.It is worth'notind that although the
(41% in the departments studied) ia lower than
(61.3% over the whole nniversity) the'excess
according to- U.G.G. norms is less in the ease
teaching reoms. This-throwssome doubt on the
larlk those relating to laboratory areas.

percentage utilisation of laboratories
that'ef general purpobe teaching roomS
of acttal area-over the entitlement
f:laboratorleS than for general purpose
validitY of the U.G.C. norms, particu

Indeed'one might go fUrther and question whether it is useful te define any
norlu relatingspace to student numbers. Space requirements (in terms of square-foot-
hours) can be calculated fairly accurately from the structure of-the course. It
would, consequently, be more realistic to-require univeraities to justify their teach-
ing accommodation requirements in terms of the teachind that will be proVided for
different courses, rather than on the number of students-likely to be registered.



OHAPTIUR 9

gcommiEs 1RISING FROM MORE INTENSIVE UTILISATION
_

OF TEAOHING_AGOOMMODATION

Economies frOMII the more intensive use of teaching accommodation can be
realised in either or two ways: either through selling or renting out some of the
existing stock of buildings, or by increasing the throughput of students. The first
alternative is rarely practicable, whereas the second is highly relevant at a time
when a major expansion of student numbers is under consideration.

The economies occur because capital and maintenance costs are spread over
a greater number of students. The ratio of capital cost to maintenance cost over
the whole eeiversity is appraximately 21, so that twy-thirds of the saving is in the
already sunk capital cost of the building, and is not therefore reflected by a reduct-
ion in current expenditure. However the more intensive utilisation does preclude
or delay the investment of further capital in new buildings, and thus affords saving
in future capital expenditure.

The analysis presented here follows logically from Part 3 in using the
structure of a course to determine the number of teaching meetings at different levels
of enrolment. From this the accommodation implications can be deduced since each
teaching meeting requires the use of one room-hour, and the size and type of the
student group taught determines the size (i.e. number of seats, laboratory benches,
etc.) and type (i.e. lecture, seminar, laboratory, etc. ) of the room required for
that hour.

Hence, given a particular course structure and a certain level of student
numbers on the course, it is possible to calculate the number of. room-hours in rooms
of various sizes and types required each week. Such an analysis may have two possible
uses:

(i) to examine the present capacity of existing buildings, and
(ii) to plan the composition of now buildings.

In either case, two major constraints apply. The first is that for any
building, the number of room-hours available is determined by the number of teaching
rooms In the building and the length of the working day, week, and academic year.
The second constraint is the problem of timetabling, of fitting a particulargroup
with the appropriate lecturer in a room of the right size and type at the right,etime.
For this reason it is unlikely that a 100% utilisation of room-hours can ever be"-
achieved, and some lesser rate must be taken as the practical maximum.

The better the match between the accommodation required and the accommodation
available, the greater will be the utilisation of individnel rooms However, the
accommodation requirements of a course will tend to change as student numbers on the
course increase, and more and larger teaching meetings occur. For this reason, acco-
modation which once matched the requirements of the course might become increasingly
unsuitable. This emphasises the importance of proper planning of future accommodation
requirements.
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Table 9.1 Te.11_.'ggi._; in s Required - Civil Engineering
with 60 studeLt., per year

Type of
Meeting

Maximum
size of
Meeting

(g)

Number of
meetings
required
with 60
students

(G)

Actual
Meeting
size
with 60
students

Number of
meetings
per each
student c
per year

No, of meetings (M)
(in hours)

Per Year Per Neek

1E0_1
Lectures No max. 1 60 300 300 10
Ex. 0laes 40 2 30 .30 60 2
Drawing Frac. 40 2 30 135 270 9
Laboratory 40 2 30 60 120 4
Class ExiDiss 30 2 30 60 120 4
clasp Ex/biss 20 3 20 75 225 7.5

SUB-TOTAL 6.5

YEAR 2

Lectures Nb max. 1 60 270 270
Ex. Classes. 40 2 30 60 120
Laboratory' 40 , 2 30 120 240 8
Classes 30 2 30 60 120 4
Classes 20 3 20 60 180 6
Drawing Prad..- 40 2 30 90 180 6
8 options 30 8 7.5 25 x 8 200 6.6

SUB-TOTAL 43.6

YEAR 3 Industrial Training

YEAR 4

Lectures No: max. 1 60 120 120
Lectures - NoT max. 8 7.5 30 x 8 240
(8 options)
Classes 40 2 30 60 120 4
Classes 40 - 8 7.5 25 x 8 200 6.6
(8 options)

.

Design
Office 40 2 30 270 540 18

Laboratory 20 3 20 75 225 7.5

, SUB-TOTAL 48.1

-152

TOTAL 128.2



Table 9.2 TeachiCivil Engineering
with 180 students_Rpr_voar

Type of
Meeting

(1)

Maximum
size of
meeting

(2).

Number of
meetings
required
with 180
students
180
_(2),

rounded
up
'(3)

Actual.
meeting
size
with 180
studenta
180

Dumber of
meetings
-Per each
student
per,year

(5)

No. of meetings
(in hours

Per Year
I (3)x(5)

(6)

Per Week
(6)130

-(3)

(4)

YEAR 1

Lectures 'No max. 1 I 180 300 300 10
Ex. Classes 40 5 36 30 150- 5
Drawing Prac, 40 5 ,36 135 675 22.5
Laborator- 40 5 36 60 300 lo
Class B piss 30 6 30 60 360 12
Class Ex/piss 20 9 20 75 675 22.5

SUB-TOTAL 82

YEAR_2

Lectures No max. 1 180 270 270 9
Ex. Classes 40 5 36 60 300 10_
Laboratory .40 5 36 120 600 20
Classes 30 6 30 60 360 12
Classes 20 9 20 60 540 18
Drawing Prac, 40 5 36 90 450 15
8-options -30 8 22.5 25 x 8 200 6.6

UB-TOTAL 90.6

Industrial Training

/IA.R.4

Lectures No max. 1 180 120 '120 .

4
Lectures No max. 1 180 30 x 8 2I0 8
(8 options
Classes *-- 40 5 36 60 300 10
Classes 40 8 22.5 25 x 8 200 6.6
(8 options
Defsighfice:
o '40 5 36 2'70 1350 -45

Laboratory.' 20- 9 20 75 675 22,5

'6uB-T0TAL 101.5

TOTAL 274.1



Civil En ineerin

A detailed analysis is presented in the following series or tables of the
undergraduate course in Civil Engineering, which is housed exclusively in its own
building. The numbers of meetings for groups of different sizes and types are cal-
culated with a student population firstly of 60 in each year (Table 9.1) and then
180 in each year (Table 9.2) The figure of 60 is approximately the present enrolment.

These meetings are then fitted into the available accommodation in the
building. Two major constraints are used. Firstly, each group must be fitted into
the smallest room of the right type which will take it. Secondly, because of the
problem of timetabling, we assume that 'each room cannot be used for more than 70;L of
the working week of 32 hours (i.e. 22.4 hours). This is an arbitrary figure which
can be varied if necessary. The results with both 60 and 180 students are shown in
Figure 9.1.

PIG-URE = Room am, sei-r urnasATION firLATioN to
1'AICAE4SED; '6WitotMEtir IN CAN. Ellirr-iNE-ERIa

I

tmmo to.
mAa

17-

Assume
EiresiViVr-Li

[II

.40

;.],1



In Figure 9.1, each Ix' represents a single room when enrolment is 60, and
each 1.1 a room when enrolment is 180. The horizontal axis measures the average
number of seats in use when the roam is occupied as a percentage of those available
in the room. Here, it la theoretically possible to achieve a 100% utilisation of
seats. The vertical axis meast , the utilisation of hours for each room as a per-
centage of the weekly maximum of 32 hours. Because we have assumed a maximum of 70%
utilisation of room-hours, a "ceiling" has been drawn on the graph at the 70% level.

Consequently, it is possible to plot the position of each room first with
60 and then with 180 students on each year of tilo course. Figure 9.1 shows a pro-
nounced shift towards the top righb when student Aumbers are increased:, indicating
an increase in the utilisation of rooms. At the same time, more rooms are being used
with the 180 intake (only one spare, compared with four originally).

The analysis shows that the building is at present heavily under-utilised
end that, even without exceeding 70% utilisation of room-hours, enrobnent could be
trebled.

There will be a considereble saving in cost-per-student. The trebling of
student numbers is achieved in the same teaching accommodat4on as at present. Teach-
ing space cost-per-student consequently fails to one-third. If we assume that all
other items of cost increase pro-rata with student numbers then the saving in total
.cost-perestudent is 16%-as illustrated in Table 9.3.-

Table 9.3 Saving in_arsIzper-Ztudent through
the Mora Intensive Utilisation of

Teaching Aecommodatiow Civil Engineer

Present Cost per Stu-
'dent with intake of
60 each year of course

(E)

Cost per Student
with intake of
180 in each year

of course (E)
rt 1- g

Classroom cost 151 50 67%
Laboratory cost 462 154 67%
Other space costs

'et

427 -427---- ---
Total Capital Maintenance Costs 1030 621 40%
Teaching Costs 956. 956
Adminietrative4 Library, Student-
Facility, General and Miscellan-
eous Expenditures

523 523

TOTAL COST PER STUDENT .2509 2100 16%

.9.3
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Other Schoolp of Study

Civil Engineering may present a special case because fit has the exclusive
use of its own building, and the accommodation available to it 1: clearly defined.
Other departments tend to share general-purpose teaehing accommodabion. .mccordingly,
a more generalised study has been made ef five other schools of study umfep a simp114-
fled approach but still based on the structure of the couLse in question and the
number and size of teaching meetings required at different levels of enrolment.

The method adopted is to postulate increased rates of utilisation of teach-
ing laboratories within the existing 32-hour week, and then to calculate the number
of stuel_ents that could be enrolled. Nel:t the demand made by this increased enrolement
for classroom space is calculated, and checked against the available classroom hours.
Finally cost per student is re-calculated for the enlarged enrolment using the same
teaching accommodation. We have sought to improve laboratory utilisation, lather
than classroom accommedatAon, because of the substantially greater contribution it
makes to cost per student.

Table 9.4 Additional_ Laborator Hour Avallable:Per Week
at_Different' Levels of Utilisation

chool of Study LLaboratory
-Hours
User pe-

%
Utilisation

v

Additional heurs available per week at
Idifferent levels of utilisation of labs

--.ssuMing a 3-

Week- 321-ir week '60%'' 70% 75% so% 100%
(1) (2) (3) (4) (5) (6) (7)

Pharmacy 209 50 41 82 103 124 207
Colour Chemistry 27 17 69 85 93 101 133
.Eaectrical-Eng 148: 42 63 98 116 134 204
Applied.Biology -61 48-: 16 28 35 41 67
Applied Physics
_ .

45- ." 32 _45_ _. 51 57 83

Column 1 of Table 9.4 shows the number of hours per week that the teaching
laboratories of.-tho five schools are in use. Column. 2 shows the percentage utilisa-
tion assuming a 32-hour week. Columns 3 to 7 show the additional laboratory hours
that would be used if utilisation were raised to.;variou6 levels.between 60% and 100%.
In.order to allow time for preparation and clearing up ef laboratories, 80% utilisa-
tion is assumed to be the effective maximum.

We may use the type of analysis develeped in Part 3 of this rePort to cal-
culate the,additional number of students-that could be taUght Using-the extra labo
ratory hours made available as utilisation rises.

Using the notation of Part 3 and representing by Lu the additional labora-
tory hours available at 1,1% utilisation, we may say that the number of extra students
(S) is:
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where c = number of hours of laboratory teaching that each student must receive per
week, and g is the number of students in the teaching group..

Table 9.5 show:5 the number of extra students that could be taught in each
course at each improved level of laboratory utilisation.

Table 9.5 Increase in Student Numbers in_Relation
te_Increased Laborater: Utilisation

I-

% Lab-
orator,
Utill-
sation

Pharmacy

Extra
Lab-
Hours

Extra 'Lab-
Students

Colour

Extra

Hours

Chem.
__ __..--

Extra
Student

I Elect. Eng. App. Biology App. Physics

Extra
Lab-
Hours

Extra
Students

Extra
Lab-
Hours

Extra
Students

Extr
Lab-
Hours

Extra
Students

60%
70%
75%
80%

42
83

103
124

120
240
300
360

69
85
93

101

210
270
300
.330

63
98

116
r 134

270
420.
480
570

16
28
35
41

30
90
90

120

32
45
51
',/

90
120
150
150

The expansions postulated'are of a
in terms of the actual,additional laboratory
levels of utilisation, they 'appear possible,
student would be correspondingly substantial,

very large order indeed. N`e -theless
teaching required and the exiing low
The effect on laboratory cost per-

.and this is shown in Table 9.C.

Table 9.6 kaborator.y Cost r Student in Relation to
-Increased Laborator Utilisation

% Laboratory
Utilisation PharMacY Colour

Chemistry-
Electrical

Eng.:
Appljgd
Biology

_-_,

Applied
Physics

LaO.,00St % of
,°4,------,7-:

per Stu-
dent

Existing
Lab-Cos_

E C E

(E)

Existing 945 100 1338 100 756 100 . 39 100 604 100
60% 616 67 321 24 376 50 246 73 332 6470% 471 50 .261 41 292 39 183 54 280 46
75% -420

.4,4 243 .18 268 35 183 54 240 4080% 372 '39 222 '17 240 31 156 46 240 40

9.5
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If we disregard Colour Chemistry, with its abnormally low level of utilisa-
tion, the saving in laboratory cost per student of expanding.numbers so that labora-
tories are used for 80% of a 32-hour week, varies between 54$ and 69%.

The increased number of students will place additional demands on general
purpose teaching accommodatien, and Table 9.7 ehows the additional clasaroom-hours
per week required for the various expansions. The calculations are based on the
number of contact hours and the teaching group sizes operated at the present time
using the type of analysis described in Part 3.

Table 9.7 Additional Lecture and_Classroom Hours Required
Per Week in Relation to Increased

Laboratortilisation

% Laboratory
Utilisation hP alu_acy Colour

Chemistry
Electrical

Eng.
Applied
Biology

Applied
Physics

Extra
Students

Extra
Classroom
Houi's

,

Ex-
St.

Ex.
Hr o

Ex.
St.

Ex.
Hrs

Ex .

St. Hra St.
Ex.
Hrs

60%
70%
75%
80%

120
240
300
360

36
58
76
80

210
270
300
330

44
48
60
62

270
360
480
570

69
88

130
153

'30
90
90

120

10
10
10
20

90
120
150
150

21
36
39
39

The next step is to check whether there is sufficient gEneral purpose teach-
ing accommodation (lecture theatres, classrooms, seminar rooms, etc) available to meet
this demand. Not only must there be sufficient room-hours, but those rooms must be
sufficiently large to hold the lectures or classes. In Table 9.8 the combined demand
of the five courses for additional room-hours is arranged by size of room required.

Table 9.8 Additional Lecture and C1asare20-heurs
RequirEd by Room-Size

Classroom
Size (in

i seats)

Laboratory Utilisation

60% 70% 75 80%

20 - 30 65 94 1191 137

31 7 60- 2 38 22. 40
61 - 80 .58 24 24
81+ 55 108 150 153

TOTAL. 1 0 240 315 Elli

9.6
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In measuring the classroom-hours available to ideet this demand, one has to
remember that lecture rooms and classrooms aro interchangeable between departments,
so that any expanding course may make use of any classroom in the university. On the
other hand, courses other than the five under consideration may also be expanding and
require additional classroom-hours themselves. In order to simplify the analysis it
is assumed that, since the five courses in question currently enroll approximately
one-third of the university's students, one-third of the currently surplus room-hours
may-be made available to them, whilst the other two-thirds is retained to enable ex-
pansion of other COU2Ses.

In Table 9.9 the additional rooth-hours that would be available to the five
courses In question et different levele of classroom utilisation are shown.

Table 9.9 lelditional 01assr om-hours Nade Available by- Roam-size

Clasereom
Size (in

ildditional Room-hours Available at each level of Classroom Utilisation

seats) 65% 70% 75% 80% 85% 90% 95`X, 1 100%

up to 20 35 51 66 82 97 113 128 144
21 to 30 3 18 32 47 61 75 90 104
31 to 60 13 29 45 61 77 93 109 125
61 to 80 8 11 14 17 19 22 25 27
81+ 8 14 20 25 31 37 43 49

By comparing the demands for classroom-hours expressed in Table 9.8 with the
additional supply presented in Table 9.9, it is possible to see the implications of
improved laboratory utilisation.

If laboratory utilisation w cre raised to 80% the additional classro m-hours
required by the extra students would, Le the case of rooms of below 80 seats, push
classroom utilisation to between 90% and 95%, and would require many classes of 20
to ,301 students to be held in roams in the 30 and 60 sent bracket. Such high levels
of classroom utilisation might,present timetabling difficulties, although these could
be alleviated by scheduling some lectures and classes outside the normal beunds of
the 32-hour week. There would however be a serious shortage of room-hours in rooms
elmeeding 80 seats (153 extra hours required, only 40 available at 100% utilisation).
Clearly in this range additional rooms would need to be built. At the other end of
the scale there would still be a surplus of room hours in the small rooms of under
20 seats and it would be possible to convert some of these to staff offices for the
additional academic staff that would be required to teach the increased in'.akes.

In Table 9.10 revised figures are ahown for the total cost-per-student in
each of the five courses, due to improved utiliaation of both laboratories and c1as0-
roams. The figures make-allowance for the need to provide additional rooms of over
80 seats, and assume that these can be provided at the existing average cost per square
foot. It is assumed that cost-per-student of ail other items remains constant, although

9.7



as we shall see in Part 5 there are likely also to be substantial economies in tech-
nical 'staff cost-per-student.

Table 9.10 Reduction in. Total CoSt- er-Student
in Relation to Increased
Laboratory Utilisation

% Laboratory
Ut ilisation Pha rmacy Colour

Chemistry
Electrical

Eng.
Applied
Biology

Applied
Physics

Total Cos
per

Student

% of
Existing

Cost
E

,

E

EXISTING

60%
70%
75%

£3294

2957
2777
2712
2671

90
84
82
C..1

3918

2802
;2737
2717
2694

71
70
19'

69

3603

3151
3054
3026
2994

87
85
84
83

3110
12999

2917
2917
2885

96
94
94
93

3682

3275
3215
3131
3131

89
87
85
85

It is apparent that there is considerable scope for improving the utilisa-
tion of laboratories, very often trebling the number of students without exceeding
80% utilisation. The effect on total cost per'student is a reduction of between
75 and195 in four of the courses, and 3/ in 0O1our Chemistry with its current very
low level of utilisation.

The University Grants Committee has already informed the University of
Brndford that it is unlikely to be allowed any additional salence buildings during
the next quinquennium, and the levels of utilisation described in this chapter would
clearly support their attitude. It would be useful to know at what level laboratories
in other universities are used. In view of the high capital cost of providing labo-
ratory space, there would appear to be a good case for insisting on much higher
levels of utilisation before further accommodation is considered.

9.8



RISING FROM THE MORE .UtaISIVE UTILISA TION

CF TELzHniG .,.ccaliory.704

In thia Chapter we remove the limitations applied in Chapter 9 that teachingmust take place within a ...M-hour week and-within the existing framework ef academicterms.

The chapter coneists of two sections. In the first relax the 32-hourweek assumption, and assume that buildings will be in use for teaching for morehours per week, and that more students will be enrolled tn take-advantage of thisextra availability of laboratories and classroome. This part of the analysis isessentially an extension of that carried out in Chapter 9 where the level of Intensiveutilisation was gradually increased. The method adop ad is to gradually increasethe number of hours available and to see how raany more students could be accommodated
and consequently how economic cost-per-student might be expeoted to fall.

In the second section we-alter the whole pattern of the academic year sothat there are two separate student populations being taught in parallel. The effeoof this is to use teaching accommodation 48 weeks of the year, and by also extendingt:ie length of the working week to enable sttxlent numbers td be doubled within theexisting stock of buildings.
in each case substantial potential economics in capital and maintenance

cost per student are identified.

) Use of Teaching leccommodation for-kore_Heurs er Week

In. this sectiori we continue _the analysis applied to five- cours s in Chap-
ter 9, by alternatively postulating teaching weeks of 40, 50 and 60 hours insteadof the present 32 hours. This means that teaching meetings may be held at any timewithin a total period of 40, 50 or -60 hours per week, instead of only 32, thus enabling
more meetings to be held each week, and easing the -problem .of timetabling.

This extension of the working week does-not mean that staff are required to
work longer hours. In .calculating cost-per-studeet it is assumed that staff costs
per student are unchanged, iMplying.that,as the-rnumber of .students increases, addi-
tional. staff are recruited to maintain the Same-staff:student_ ratio. -It does, how-
ever, mean that staff will be required to do some of their teaching outside what is
at present regarded as their normal working..week.

each postulated length of week, Ke calculate the number of additional
laboratory-hours .that would tea_avallable to each of the five_ courses under considera-
tion. We then calculate the number of additional students that could be enrolled to
the course in order fully to utilise these extra laboratory-hours, assuming that the
course structure, in terms of contact hours and group sisos is unehanged. Next the

10.1



demand for classroom space generated by this increased enrolment is worked out and
checked against the available classroom-hours. Finally the economic cost per student
(as defined in Part 2), is recalculated with the same total teaching accommodation
cost being spread over the greater number of studentb.

Increasing the utilisation of teaching accommodation either by more inten-
sive use ac by more extensive use are each viable policies WI their own, but they are
Dot mutually exclusive. Indeed they are closely complementary, and it is .unlikely
that any university would attempt substantially to extend the length of its teaching
week without first seeking to ensure that classrooms and laboratories achieved a high
rate of utilisation during the existing period of teaching. Accordingly, in the
analysis tlat follows, we :assume that the 80 intensive utilisation, which in Chapter
9 was taken as the maxLMum practicable, is also achieved over the longer working weeks
now under examination.

Table 10.1 shows the number of extra laboratory-hours that became available
for use as the length of the teaching weeK is extended, and SO% intensive utilisation
allowed.

Table 10.1 Additional laboratory--Eours Available per Week with Different
Lengths of Teaching-Week at 80% Intensive Utilisation

School of Study Additional

32 hr. week

.

Laboratory-Hours Available

40 hr. week 50 hr. week

Per .Week

60 hr. week

Pharmacy
Colour Chemistry
Electrical Etgineering
Applied Biology
Applied physics

124
101
134
-41.,

7

207 311'
133 173
204 292

= 67
: 99.

.83 115

,

'415
213
380
,131
147

psing #1,e, type of analysis.developed in Part 3 of this report, we can
cilate the additional:-number of students that could-be taught.using the extra labora-
tory hours that become available as the teaching week is lengthened. The number of
extra students,ip_showD.in Table

Table 16.2 Additionalliumber Of Students FoSsible Using Existimg Laboratories
Longer Teaching-Weeks,at 80%-Intensive_Utilisation

School of Study Number of
hr. week .

Additional Students
50 hr. week hr. week

Pharmac ;500' 696E'
ColOur Ohemnistr 0 '67°-
E1eotricJEngi eering 770 1280
Applied Biology 160 220 290
Applied Physics 200 280 350
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8uch big increaees in the, number of students using the existing teaching-laboratoriesmean that laboratory cost .p.per student will fall substantially. Revised figures of
laboratorY cost-per-student are shown in Table 10.3

Table 10.3 Laboratory Cost plIr Student in Relation te

Laboratory
Utilisation

Existing

40 hours
at 80%

50 houre
at 80%

60 hours
at 80%

Ph armacy Colour
Chemistry

":-,tricala-oc

Eng.
Applied
Biology

Applied
PhYsics

LabeCost
per Stu-
dent
(1

% of
Existing
Lab-Cost

100

31

25

21

1338

177

144

114

e
/0

100

13

11

9

756

184

14/1

124

100

24

19

-16

339

108

87

72

100

32

26

21

604

172

128

112

,

100

28

21

18

945

294

237

193

.e expected, there are substantial economies. The saving in laboratory
cost per student of expandinj numbers so that laboratories are used tor 80% of a
60-hour week for 4 of the courses is between 79% and 84%. This, however, tends to
oeerstate the savings slightly, as the use of buildings for longer hours will gene-
rate some increase in maintenance costs.

The greatly increased numbers of students will
foe classroom-hours. In Chapter 9, it was found that if
80% of a 32 hour week, there would be severe pressure on
This pressure, it was noted, would raise the utilisation
90 - 95%, whdch would probably involve some extension of
practical timetabling problems. This safety-valve would
if the standard teaching week were extended to 60 hours.

generate additional demand
laberatories were used for
classroom accomModation.
of medium-sized rooms to
the 32 hour week to solve
not of course be available
'We have therefore, in

estimating total cost per student, with longer working weeks assumed that additional
classroom accommodation will be required pro rata for all extra students beyond the
number. enrolled when the working week was 32 houes, and intensive utilisation 80%.In ether words, there is no further reduction in classroom cost per student below the
levels obtained when rooms are used tor 80% of a 32 hour week.

In Table 19.4 we show total economic cost per student for each of the five
coursei with different working weeks, assuming that laboratories are used for 80%
of the time, and that the additional classrooms required are provided at the current
cost per square toot.
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Table 10.4 Reduction in Total Cost-aer-Student in Relation to lioner Teachiniiyeeks

Laboratory
Utilisation

Pharmacy
Colour
Chemistry

Llectrical
Eng.

Applied
Biology

Applied
Physics

Total Cost
per

Student

% of
Existing
Cost

E , E £

EXISTING

40 hours
at 80%

50 hours
at 80%

60 hours
at 80%

0294

2593

2536

2497

79

77

76

391C

2649

2613

2586

68

67

66

3603

2938

2898

2878

81

80

80

3110

2837

2816

2801

91

90

90

3602

3039

3023

84

82

82

It will be seen that an extension of the teaching week to 60 hours and
intensive utilisation of 80%, enables student numbers to be increased to an extent
which reduces the total economic cost-per-student by-between 1(2) and 24. This total
cost is the average for all students on the course, not just the additional ones,
where strict marginal cost is almost zero. Although the increase in the number of
students is very large, the proportionate saving in total cost per student is not
great. However the savings represent the avoidance of constructing expensive now
laboratory accommodation, for which large capital sums would be required.

It is recognised that there are practical problems of increasing both the
intensive degree of utilisation, and the length of the teaching week. In particular
there may be timetabling difficulties, and it may be necessary to find some form of
inducement to acadanic and technical staff to work outside the conventional working
hours. However, in view of the cost of providing new accommodation, it is important
to utilise existing space as fully as possible. The levels of utilisation, both of
laboratories and classrooms, quoted in Chapter 8, leave considerable scope for im-
provement, and the potential savings identified in Chapter 9 and so far in Chapter
10, provide ample economic inducement to attempt to make such an improvement. In view
of this, further more detailed study of the advantages and problems of spreading
teaching over a longer working week, is justified.

e-arran-,ement of the Academic Year

It is beyond the scope of this report to consider the academic and adminis-
trativo arguments for and against re-arranging tho pattern of the academic year, to
avoid the long periods during which university buildings are not, at present, in use.
Our concern here is to estimate the reduction in the unit economic costs defined in
Part 2, that might accrue if some such alternative system were adopted.

10.4
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The University of Bradford already operates several different types of

academic year for different courses, and these were described in Chapter 3. Some of

these courses already utilise teaching accommodation for up to 42 weeks of the year.

In this chapter we take each course that at present operates on a conventional 3-year

3-term system, or on a "thick-sandwich" system (3 conventional years with a complete
interspersed year in industry), and translate it into a double-entry system explained

below.

H7-7'othetical Pattern of Academic Year

The academic year is divid d into 4 terms, thus;

Term 1
break

Term 2
Term 3

break

Term 4

12 weeks, October.- December
2 weeks, Christmas

12 weeks,. January -.March
12 weeks, April - June
2 weeks, Midsummer

12 weeks, July - September

There are two intakes of students per year, ne in October, and ono in

April. Each intake attends for two twelve-week terms with a fortnight's break

between them, and then leaves the university for six menthe.

In aeder to enable the same amount of teaching as at pres nt to be given,

it is necessary to increase the length of the working week. At present the total

hours available for teaching to a conventional 3 year course or to a thick-sandwich
course equals 3168 hours ( 3 years x 3 terms x 11 weeks x 32 hours per week). If

the normal teaching week is extended to 44 hours, then 3168 hours will still be
available under the revised system ( 3 years x 2 terms x 12 weeks x 44 hours). A
working week of 44 hours, if confined to 5 days, means that lectures may start at

any time from 9:00 a.m. to 6:00 p.m.

Students thus receive the same amount of teaching per year, but concentrated

into a six-month period instead of the present 8J2- months. Against this, they have a

clear six months away from the university between each year of their course. It would

thus be possible to complete a conventional 3 year course in 2i years. Thick sandwich

courses could either involve a complete year in industry in which case they would last

3i- years instead of four; or split the industrial year between the two six-month gaps

in university study, in which case they could be completed in 3 years.

There are of course numerous other patterns that could be adopted with

fewer or ereater disadvantages; the method described above is chosen simply to repre-

sent the Possibility of a double intake.

Effeets on Costs of Rev' mile Year

The re-arrangement enables the number of students on courses at any one time

to be doubled, without increasing at all the number actually present in the university

at that time. Consequently no additional classrooms or laboratories are required, so
the cost-per-student of these two items will be halved.

10.5
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The doubling of intakes implies a doubling of the total teaching load, so
wo assume a doubling in the number of academic staff, and consequently academic

staff office space. The average teaching load is unchanged, but will be concentrated
into six months, leaving staff free of undergradeate teaching responsibilities for
the other six months of the year. Cost 222- student of academic staff and their offices

is unchanged.

It is further assumed that expenditure on administrative, libraries and
student facilities is doubled, also the area, and therefore the annual cost of admin-
istrative offices. Cost per student of these items, therefore, remains the same.

For the remaining elements of cost, two alternative assumptions are made --
the "pessimisticwand the "optimistic". Pessimistically it is assumed that the area,
and the annual cost, of study facility space (such as libraries and reading rooms)
and student facility space (such as refectories), expenditure on technical staff, and
the annual cost of teaching equipment and materials will increase pro rata with stu-
dent numbers.

Under the optimistic alternative the following assumptions are made:

1) Study facility and student facility space - no increase in
total area and annual cost because at any one time no more
students are physically present in the university. Cost per
student therefore falls by half.

Expenditure on technicaLstaff - only a:50% increase because
no extra staff are required for the fourth tern ,(the existing

staff are already paid for the whole year), but the extension
of the working week involVes shift-working'at Augmented rates
of pay. Technical staff cost per student consequently falls
by a quarter.

Annual cost of teaching equipment and materials - only a
50% increase, because although materials expenditure may be
expected to increase pro rata with student numbers, no addi-
tional equipment will be necessary. It is possible, however,
that the more intensive use of equipment will require it to
be renewed more frequently.

The assumptions made are fairly approximate. Too much accuracy should not
therefore be placed on the results quoted below. They do however give a broad indica
tion of the extent to which cost per student might be expected to fall

The results obtained are summarised in Table 10.5 which shows the percen-
tage savings in cost per student in each of the eleven COUTses considered.

10.6
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Tab:1_0.10,5 Perc-nt e Savin in Economic Cost--e -Student
Associated with Two Intakes of Student

Annually

Course

Pessimistic Assumrtions Qt,-rations
Capital and
Maintenance

Costs

Capital and
Maintenance

costs

Total Cost
per Student

Teaching
Costs

Total Cost
per Student

Laboratory-based

Civil Engineering

.

29.7 12.2 46.4 12.9 23.9
Applied Biology 24.6 6.7 45.8 10.6 18.1
Pharmacy 35.5 15.6 47.6 14.6 26.8
Materials Science 2742 8.4 47.5 11.9 20.7
Applied Physics 31.3 11.7 48.0 13.6 24.0
Opthalmic Optics 31.9 10.4 48.1 11.3 21.8
Textile Technology 31.6 12.4 46.8 11.5 23.1

Classro 1-based

Business Studies 20.0 7.0 45.2 7.3 17.9
Social Sciences 11.7 3.9 43.4 3.6 15.6
Mathematic6 18.7 7.4 1 45.0 3.1 18.7
Statistics 17.6 5.6 I 9.9 2.8 16.8

Note: Under the Pessimistic Assumptions there aro no savings in teaching
costs per student.

The potential savings are substantial. Under the optimistic set of
assumptions, the reduction in capital and maintenance costs per student varies
betwean 43% and 50%. Savings in teaching costs (through the fuller use of techni-
cal staff and equipment) vary between laN and 14i% in laboratory-based courses,
and 2.8% and 7.3% in clasvroom-based courses. The reduction in total cost per
student ranges from 15.6% to 26.8%.

Even under the pessimistic set of assumptions (which allow only for e o-
nomles in classroom and laboratory space Costs ) the saVings in total cost por Student
rise to 15.6% and the average saving Tor the eleven courses is 9.2%.

The savings that might be achieved, even allowing that some Of them are
of.a eaPital nature and will not be reflected iii the recurrent grant, aro substan-
tial; and Would justify detailed study of the possibility of introducing some form

,

of double-intake system.
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CHAPTLR 11

ECONOMES IN.:ZHE COST OF rix BUILDINGS

As the number of students in a university increasLs, now buildings will
sooner or dater be required to accommodate bhem. A now building constitutes a
major expense both to the university and to the U.G.C., in the short-term due to
its construction costs, and in the longer-term, to its maintenance and running costs.
Hence there is a considerable incentive to reduce the cost of new buildings.

There are two broad waya in Which thu cost per student of new buildings
can be reduced:

(i) a reduction in the initial cost-per-square-foot
Of the building

(ii) a closer matching of new buildings with student
numbers.

Reduction in Ca ital Cost

The initial capital cost per square foot of a building can be cut without
reducing the basic facilities which the building must provide. ide 12/38 the words

"basic facilities", for if the aim is to cut costs, then some facilities, taken in
the w:Ldest sense of the term, will have to be forgone&

The capital cost of a building can bu reduced simply through a deterioration
of standards. Lower maximum floor loadings could be used, especially in science
buildings in those areas which are not initially planned to take laboratories and
heavy equipment. The disadvantage of this is the loss of flexibility in the future

use of Space. Buildings could be made lower, but covering a larger area of ground
so as to ensure that all the heavy floor loadings could be put on the ground floor

(this happens at present with the heaviest laboratories), although the problem of
insufficient site area may arise. This is especially a problem in urban sites, where
even if the land wore available, it might be too expensive. Cheaper materials and
poorer finishes could also be used without reducing the essential basic facilities.

The implementation of suggestions such as these could result in savings of
only a few percent in cost per square foot, because the bnlk of the cost is incurred
in the basic structure where savings can not be made.

To show the possible size of savings, we postulate a reduction of 10% in
the capital cost of all the non-residential buildings owned by the university, and
of the non-teaching equipment in then. (Rented buildings are ignored.) The cost
of land, and the annval maintenance costs are assumed unchanged.

In 1970-71 the annual capital cost of the buildings and equipment in ques-
tion is £655,973. The annunl capital cost of land and the annunl maintenance expen-
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diture amount to E393,4161 giving c. total annuel capital and maintenance cost of
£1,049,389. A 10% reduction in the cost of buildings and non-teaching equipment
causes a 6.25% reduction in total annual capital and maintenance cost, and conse-
quently a 6.25% reduction in cost per square foot. In Table 11.1 we show the con-
sequent savings in cost-per-st-dont on each course. It will be noted that the savings
are small, ranging between only 1.7% (Incl. 3.1% of total cost-per-student.

Table 11.1 Savings in_askauz§tudent Resulting_from a_10%
Reduction in the Ca-itn1 Cost of Bnildin s

and Non-teaching Equipment

Course
Present Capital and
Maintenance Cost per

Student (E)

Saving Present Total
Cost per Stu-
dent (E)

% Saving
in Cost

per
Student

Chemical Engineering 908 56.7 2557 2.2
Civil Engineering 1030 64.4 2509 2.6
Electrical Engineering 1278 79.1 3603 2.2
Mechanical Engineering 1768 110.5 3991 2.7

Applied Biology 849 53.0 3110 1.7
Pharmacy 1446 89.4 3294 2.7

1915Chemistry 119.7 3874 3.1
Colour Chemistry 1888 118.0 3918 3.0

Materials Science 1134 70.8 3680 2.0
Opthalmic Optics 1011 63.2 2999 2.1
Applied Physics 1375 85.4 3682 2.3
Textile Science 1245 77.8 3156 2.5

Business Studies 710 44.3 2114 2.1
Modern Languages
Social Sciences Teaching takes place in rented accommodation
Applied Soc. Studies)

Mathematics 907 56.6 2307 I 2,4
Statistics 563 35.1 1775 2.0

There are two arguments against reducing the capital cost per squ.re foot
of now university buildings,

The first is the aesthetic argument that university buildings should exude
an "academic atmosphere", and that this would be lost if construction costs wore cut,
Similarly, there is the citizen's interest in haVing fine civic buildings. Although
theee arguments carry weight., it should bo pointed out that there is a trade-off bet-
ween such aesthetic considerations end economic factors; the cost of having one is
the loss due to not having the other. The citizen who takes pride in the architec-
ture of a new university building is, at the same time, the taxpayer footing the bill.

11.2
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If public money must be saved in the univorsity sector, then it is better to zeduce

the costs of buildings rather than of other factors (such as staff) which have a

mere direct influence over the output of the secter. (Indeed in strict output bud-
c;eting terms one might define "the fulfilment of civic pride" as a separate programme

and charge the additional costs of buildings better than purely functional te this

programme instead of to the teaching of students.)

The second argument against redueing the initial capital cost of a building

is a purely economic 'one -- that the annual maintenance costs of the building over

its lifetime may be increased. This inverse relationship between the initial capital

cost of buildings and their subsequent annual maintenance costs has bean postulated

by Zimmerman1 in a study of school buildings in California. However, he has been

criticised by Macdowall for not concentrating on tho relative economics of the

relationship. Macdowall argues that the reduction in annual maintenance costs per

square foot postulated by Zimmerman, discounted to the present, and looked upon as
the benefits arising from the additional investment, amounts to a rate of return of

less than one percent. The additional investment is clearly uneconomic if measured
solely in terms of saving on maintenance expenditures. If this analysis can be applied

to university buildings, and certainly it is the opinion of the Architect's Office

in this university that such reductions in capital cost would not leod to any approi..

ciable increase in maintenance expenditures, then the case for cheaper university

buildings is strengthened.

) Matching New Buildings More Closely with Student Numbers

Even if the cost of a new building is reduced, the cost in the early years

wil:t still be high relative to the "output" it produces. This is because buildings

come in large discrete amounts, whereas student intakes increase more gradually. Con-

sequently, new buildings are often initially under-utilised, as is the Civil Engineer-

ing building in this university.

The problem could be alleviated by having a large expansion in student
numbers in the university coinciding with the first use of the building. However,
the discontinuity in student numbers would lead to many diseconomies such as a lack

of ancilliary facilities, and a difficulty of obtaining new academic staff and fitting

them into the courses concerned. Even se, since intake can only be into the first
year of a course, there must be some under-utilisation in the first two or three

years of an expansion programme.

An alternative.solution would be to expand in rented accommodation until
such times as numbers merit the construction of a new building. This would ha.e the
advantage of postponing the construction of a new building, and the associated expen-
diture until it could be well utilised.

W. J. Zimmerman; "The Relationship of Initial Cost and Maintenance Cost in
Elementary-School Buildings", Scheel pf Education, Stanford University, California
Guy Oddie (OECD),.."Schoel Buildinglieseurces and Their. Effective Use", ed.
Maedowall,..Chapter,X pages 89 to 90.



Unfortunately, this situation may not be easy to arrange. Sufficient

additional rented accommodation would have to be forthcoming at the appropriate time

as student numbers increase, and then all the rented accommodation would have to be

relinquished when the new building is completed. It is questionable whether leases

are sufficiently flexible, while for universities in rural sites, such accommodation

would not be available. Moreover, rented accommodation generally could not be used

for laboratories. Nevertheless there iB a useful flexibilLty in possessing a certain

proportion of rented accommodation suitable for general teaching and for offices on

a Short-term lease, and which could essay be transferred between departments as

requirements varied.

A third possibility is to add the extra accommodation in small increments

by the use of pre-fabricated buildings. Such buildings can be erected mere quickly

than those of a conventional type, and if they are constructed on a wide enough scale

significant economies of scale through mass production of components could be achieved,

thus also lowering the overall capital cost. The economics of the CL4SP3 system of

prefabrication in the United Kingdom has been described as follows:4

"The CLLSP system was originally designed for the construction of schools,

but it was expected from the outset that it would also be used for other

types of building. At its present stage of development, it is economical

for buildings up to four etoreys high with medium spans and moderate

upper floor loads, and can be used for comparatively small buildings with

the characteristics (about £15,000 in cost) an,-L quite large ones (E650,000

is the largest so far projected) because very little site plant is

required in either case. It has been used successfully for schools,

offices, fire stations, ambulance stations, welfare buildingslverkshops,

and libraries. But although buildings of any arca can be produced with

the romponents, the minimum annual programme is Elk worth of building each

year. This is the "minimum mass" on which thu prefabricated components

begin to pay off their overheads. Even at this figure the productian

rate is still rather small to rake the system competitive in cost with

other types of building, and a programme of over E4N is required to make

the use of the system really economical. By the inevitable economics

of factory quantity production, the bigger the building programme as a

whole, the lower will be the cost of the system for each individual building.

The U.G.C. is investigating the use of prefabrication for university buil-

dings, but apparently so far without much success. The problem appears to be that

universities have a much wider variety of building requirements than do schoole; and

thet each university is to a lesser or greater degree a special case. Hence economies

of mass production are not easily realised because of the large variety of components

required. Many of the buildings at the University of York were constructed using a

modified form of the CLASP system, but it seems that the extensive modifications re-

quired absorbed any possible economies. The buildings at York cost much the same as

standard university buildings.

CLASP: Consortium of Local Authorities Special Program

"The Story of CLASP", Building Bulletin 19, Ministry of Education now DES), June

1961, HMSO, page 31
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The main limiting factor with prefabricated ,buildings is-that the struc-
tures can only support moderate span and floor loadings. This makes them unsuitable
far laboratoriesvwckshops, and computer roomel unless those can be housed on the
ground floor. Nonetheless . there seems .to be little,reason why such systems as CLASP
ceuld not be used for blocks of class And seminar rooms, staff offices, and the like.

Nest British universities haVo their quota of imposing architecture. Pre-
fabricated buildings of the CLASP type could be a means of adding general teaching
space relatively quickly at a low cost t.n match incrpasing etudent'numbers.
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FACTO

MA TM 12

AFFECTING THE DEV,AND FOR TECH AL STAFF

This chapter attempts to isolate the demand factors for university technical

staff, which accounts for a major Proportion of university spending an academic cle

partments -- 12.9% in the University of Bradford 1969/70 -- and to suggest possible
:economies in the planning of existing and proposed academic departments which are

consumers of technical staff.

The University of Bradford, in common with other universities, already

operates a principle of general guide-lines in assessing proposed expenditure on

technical staff, but these guide-lines allow for a wide variation of establishment

between Boarde of Studies, and indeed between individual departments in the same

Board. The Bradford guide-line re]ates technical staff establishment to academic

staff, and similar criteria are applied in many other universities, including the

Universtty of Dublin.

Whether an academic staff-based criterion is used, or the technical staff

establishment is treated as part of an overall ancillary etaff budget, as in the,

University of Lancaeter, considerable discretion is exercised by departmental heads

in et 'tultation with university planning authorities.

We attempt below to identify an overall space-based relationship between

teaching and research laboratories and technical staff establishments, which can be

applied in different institutions, and yet allow for the alternative emphases which

those institutions place on different disciplines and teaching methods.

T.Inisrep.dford

The data collected relates to the University of Bradford, 2'or the academic

year 1969/70. As a former College of Advanced Technology, and then a technological

university, the emphasis in Bradford lies to a great extent in Science and Engineering

disciplines, which are the main consumers of technical staff.

Within the university, the Steering Committee.of the Academic Planning

Committee has laid down some general ratios for academic/technical staffl but these

allow for variation between departments and are not sacrosanct. At the present time

all requests for additions to establishment are reviewed on their merits by a

specially constituted sub-committee of the university, and financial constraints mean

that only the most urgeat cases can be considered.

In assessing the cost of staff in the year 1969/70 we have taken "full-cost"

i.ent we have applied the total cost of all salaries, including associated insurance

and superannuation contributions, to the various departments. To allow for variation

Engineering, Physical and Life Sciences 1.3:1; Modern Languages 6.5:1; all

other departments 17.5:1.
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within scales we have assumed the median of all sc les in force in that yea
the exeeption of Chief Technicians, where the maximum seemed more relevant
have added 10% for associated costs.

(with
and

We have excluded all technical staff not funded directly by the university,
i.e. those employed from research grants or other outside funds, but have included
the grade of Experimental Officer.and Senior Experimental Officer at the higher level
of technical support.

The existing establishment in Bradford was re-assessed in 1962 by the
application of a points system for the various grades of technical staff,2 and this
system has been used in preparing tables for the University of Bradford, and also
in the comparable tables for the University of Lancaster.

Khanna and Bottomley in their earlier paper3 subdivided the costs of "pro-
ducing" first-degree graduates under six main headings, one of which was the salaries
of teaching and technical staff, and expenditure on teaching equipment and materials.
Their original aseessment of technical staff costs was arrived at by assigning a pro-
portion of total technical staff term-time salaries which assumed that the technical
staff time input to undergraduate teaching was similar to that of academic staff. This
was later revised to take account of the disparity in actual laboratory hours teaching
given in the various departments, and a revised set of costs was prepared, relating
undergraduate time-input to the division between undergraduate, and research and post-
graduate, laboratories in each department. (Theee are the costs discussed in Part 2
and presented in detail in Appendix 2.) This paper attempts to show the factors which
led to their obeerved distribution of technical staff.

A. Relationshi echnical Staff Establishment
Numbers in Each De artment

leademic Staff_and Student

It is necessary first to demonstrate that the guide-lines referred to above
do not provide a precise indicator to the technical staff needs'of any individual
departrent. Since many departments in Bradford have also an academic staff:student
ratio in the region of 1:10, var. etion6 in the academic:technical staff ratio are also
reflected in the ratio of technical staff to students. The figures relate to 1969/70,
and the student numbers are weighted in line with generally used U.G.C. weightings.

2. Senior Experimental Officer 10 points Junior Technician 3 points
Experimental Officer 9 pointo Laboratory Assistant 4 ppints
Chief Technician 8 points Labourer 4 points
Senior Technician 7 points Scanner (part-time) 2 points
Teehnician 5 points

R. K. Khanna and J. A. Bottomlek:
Univereity Of Bradfurd"., Accountin

"Coats and Returns on Graduates of the
and Busin 0 _ Research, No. Winter 1970.
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Table 12.1 Academi :Technical Staff Ratios

Department Recommended Ratio Actual Ratio

Chemical Engineering 1.3:1 1.4:1
civi.1 Engineering 1.3:1 0.9:1

Electrical Engineering 1.3:1 1.9:1
Mechanical Engineering 1.3:1 1.3:1

Industrial Technology 1.3:1 3.5:1
Biological Sciences 1.3:1
Pharmacy 1.3:1
Chemistry Colour Chem. 1.3:1 1.0:1

Physics 1.3:1 0.9:1

Textiles 1.3:1 1.0:1
Business Studies 17.5:1 15.5:1
Social Sciences/Applied

Social Studies
17.5:1 22.5:1

Modern Languages 6.5:1 5.5:1

It is clear that the recommended ratios are just that, and wide variations are

observed. The pnrticularly poor ratio in Industrial Technology reflects the
department's small size, and the sharing of laboratory facilitiQs and practical
teaching within the Board of Studies.

In general departments in the Boards of Life Sciences and Physical

Sciences are better staffed.than those it Engineering, with the exception of Civil
Fxigineering.

In view of the attempt to standardise establishment on a points system
however, it is possible that actual numbers of staff are not a precise guide. A
figures of 5.5 staff points, being the mean weight of the technical staff in all

departments, vas accordincly substituted in the recommended ratio. For convenience,

the resultant ratio 1.3:5.5 is inverted to give a recommended ratio of 4 technical

staff points for each academic staff member.

'''able 12.2 Technical Staff Points ber of A ad

Department ecommended Number Actual Number
of Pointsof Points

Chemical Engineering 4
Civil Engineering 4
.Electrical Engineering 4
Mechanical Engineering 4

123

3.8
6.0
3.5
5.0
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Department Recommended Number
of Points

A tual Number
of Points

Industrial Technology
Biological Sciences
Pharmacy
Cho.ty/Colour Chem.

Phy,sios
Textiles
Business Studies
Social Sciences/Applied

Social Studies
Modern Languages

4
4
4
4

4
4
O*3

0.3

0.8

1.9
5.1
6.7
5.0

6.0
6-.6

064

0.2

0.9

The picture remains the same, and it seems clear that the iistribution of
t chnical staff is not related tothat,of academic staff.

23.,9 a furtner check, the ratio of student enrolment:technical staff is
compared for each department, in conjunction with the existing student:acadenic staff
ratio. While the expected variations are repeated, they do not appear to reflect the
concomitant variations in the student:academic staff ratio.

Table 12.3 Number of Students per Member of Academic and Teclnical Staff

,Department Students per Member
of Academic Staff

Students ..3er Member
of Technical Staff

Chemical Engineering 14.1 20.3
Civil Engineering 16.6 14.4
Electrical Engineering 10.9 20.6
Mechanical Engineering 10.6 13.7

Indust:cial Technology 4.1 14.1
Biological Sciences 9.9 10.7
Pharmacy 96-5 7.4
Chemistry/Colour Chem... 9.6 10.0

Physics 11.2 10.3
Textiles 13.7 13.7
Business 1'.':_1 _ 9.1 142.5
Social Soic;o:)c/lipplied

Socia: Lltudies
10 6 23.9

Modern Languages 112 61.5
,

Table 12,.4 shows the c:-.;t of technical staff per registered student in each depart-
ment in 1969/70. The eost of technical staff has been divided by the number of

12.4
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undergraduate and postgraduae students registered in theAepartment. No weight_igs
have been applied to postgraduates, but part-time students have been weighted The
table shows wide variations in per-student cost between departments, and indicates
the weight of expenditure Which technical staff incUrs.

Table 12.4 Technical Staff Cost er Re-iptered Student

Departm nt
Technical Staff Cost
per Student-Year (E)

Chemical Engineering 66
Civil Engineering C3
Electrical Engineering 69
Mechanical Engineering 106

Industrial Techno3r.gy 93
biologic,11 Sciences 117
Pharmacy 155
Chemistry/Colour Chemistry 121

Physics 123
Textiles 10C
Dusiness Studies ei,
Social Sciences Applied Social

Studies
5

Modern Languages le

The Role of Universit Technical S

Having considered, but discarded, the assumption that the distribution of
technical staff between departments is purely arbitrary, the. next step is to consider
the precise role which the university technician plays,

There are three main consumers ef.otechnici- t'

1. Servicing of teaching laboratories
2. Servicing of research laboratories
3. Self-training including part-time release).

The third of these can be set aside, as it depends on the cri eria Iaid
down fOr promotion in the universities, and is not itself an element of demand.

Observations of university departments shows that those departments which
are laboratorx-based, e.g. medicine, engineering, and science, are consumers of
technical staff where lecture and library-study based depdrtments (arts, etc) nre not.
This correlation cannot, however, be applied in a more rigorous way. The amount of
practical teaching given in an individual department does not, in itself, provide a
simple guide to its demand for technical staff. The Chemical Engineering department,
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which requires a'rinimel amount of 1abora-6ory-based teachine (not more than 54 hours
per student in any year) has 27 technical staff, while Civil Engineering has 23 staff
to service from 264 hours practical teaching per student in the first year to over
1,000 in the final year.4

Te assess the total demand for technical staff, generated by the demands of
both practical teaching and research, information wa6 collected on the total labora-
tory space in each department, classified as uresearch" or uteaching" laboratories.
(Table 12.5) Research laboratories are assumed to be mole intensive in their use ok
technical staffl.ty virtue of their more expensive equipment and of the higher level
work being carried out, and a factor of 3 is assigned to the area of these laboratories.
Thus a technician who'services undergradunte teaching is assumed eo be responsible
for three times the area of a technician employed in a research laboratory. (This
factor of 3 is tlie standard U.G.C. weighting for full-time science-based research
studente.)

Some departments are in process of changing to new accommodation, or have
recently done so. Civil Engineering, in particular, has recently exchanged its
cramped accommodation in the Main Building for a new Civil Engineering building; both
the old and the new laboratory arede are separately treated in tha calculations below.

The t tal laboratory area (unweighted) in the university is approximately
250,000 sq.ft. This represents 1,200 se...ft. per technician. Teaching laboratories
constitute approximately 75% of this space, and the remainder is for research.
Applying the weight of 3 to a research technician, suggests that, on average, the
uneveesity requires approximately one menber of the technical staff (or 5.5 points)
for erech 1,600 sq.ft. of teaching laboratory, and for each 540 sq.ft. of research
laboratory.

Teble 12.5 Laborator Ar
(Univer

and Technical Staff Po'
ty of Bradford

Department Technical Staff Points Teaching Labe
(sq.ft.)

Research Labs
sq.ft.)

Bueinees Studies
Industrial Technology
Social Sciencee and

Modern Languages
Textile Technology
Biological Sciencee

11
. 3,3.

30

66
67

231
3,000

3,611

'6,141

4,806

200

al
2 1136

continued

These figuros assume group sizes in line with the departments own assessment as
to the educationally acceptable maximum; between* 20 and 40 in the case of Civil
Engineering, and 50 in Chemical Engineering.
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Department Technical Staff Points Te,.ching Labs

(sq.ft.)

R search Labs
(sq.ft.)

Electrical Engineering 112 19,290 3,100
Mechanical Engineering 114 29,564 3:460
Civil Engin7)ering (eld) 119 7,342 4,362
Civil Engineering (new) 110 26,307 18,015

Physics 136 10,012 3,930
Cherdcal Engineering 148 7,132 16,020
Pharmacy 218.5 20,917 13,944
Chemistry 247.5 25,702 20,784

The relationship between laboratory area5 and technical staff establishment
(expressed in points) shown above is highly significant. The correlation ooefficient
is 0.8820, or 0.9537 with tho alturnative accommodation figure for Civil Engineering
and the significance in each case is less than 0.01.

TJniversitr Lancaster

Cowcrable data was obtained from the University of Lancaster.

Table 12.6 Laborator ,irea and Technical Staff Points
University of Lancaster)

Department Technical Staff Points Teaching Labs
(sq.ft.)

Rese,arch Labs
sciat.)

Environmental Sciences 79 11,245 6,744
,Chemistry .89 21,186 12,584
Diology 113 27,679 15,371
Physict 157 12,000 24,694

The overall picture is of a more researdh-oriented laboratory structure,
:and more generous allocation of laboratory space. Expenditure on technical staff
:in Laneaster is treated as part of an overall ancillary staff and resources budget,
but oven With the restricted degreeb of freedom, the relationship (r = 0.883) is
.still significant P ( 0.05).

ighted 3:1 in tho ase of Research Laboratories.
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Effects of Variaatioiorator_mtioonstirachirExii_and
EroaltiariLLJLalagnts

To study tho effect of a variationin the balance between teaching andresearch laboratories I have taken two areas.in the University of Dradford (Elec-trical Engineering and Pharmacy) and corlpared'the results of doubling their studentnumbers:

1) with thair existing ratio of teaching:research laboratories, and
2) wIth-an altered ratio of 3:1 in line with the university average.

The main points of difference between the departments are:

(a) Electrical Engineering is more teaching:researeh laboratory
based (6.2:1) than Pharmacy (2 1:1).

(b) Pharmacy has a markedly better academic:technical staffratio 0.8 against 1.9).

(c) Pharmacy is correspondingly more expensive in its use of
technical staff (a55 per student-year against £69).

The following assumptions are made:

Doubling of existing student nuMbers
.No spare laboratory space at point of increase
Existing academic staff:student ratio maintained'
Existingsquare footaae per technician maintained
Deubling of total laboratory space

Table 12.7 Electrical Enlita2auna

Present Teaching: f 3:1 Teaching:
Research Labora- Research Labo-
tory Ratio ratory Ratio

Student Number
Teaching Labs Nato)
Research Labs (sq.ft.)
Research Labs (weighted rea)
Ratio of teaching:research labs (actual area
Ratio of teaching:research labs (weighted)
Sq.ft, per teaching technician (approx.)
Sq.ft. pee research technician (approx.)
Number of teaching technicians
Number of research 'echnicians
Number of academic staff required
Number of technical staff remirea
Ratio academic:technical staff

722
596

6 200
12,600
6.2:1
2,1:1
1,6e0

560
23
11
64
34 17)
1.9

12.8

1 0

722
33,597
11,199
33,597

3:1
1:1

1,680
560
20
20
64
40 (+23)
1.6



1, The extra number of technicians required fox the increased
earoIment is 6 (or 3'if a similar alteration of ratio was
applied to the Departmentof Electrical Engineering as it
le presently constitutea.'

ratio of academie:technicaLstaff would still exceed
recommended'University ratid of 1.3:1.

If the department wishes to shift the emphasis towards research laboratories
but is precluded by financial considerations from recruiting the additional technical
staff, an alternative approach is to alter the amount of laboratory space which each
technician is required to serVice.

If the existing 17 staff were to service an altered area of 16,780 sq.ft.
of teaching laboratories (against 19,290 and 5,600 sq.ft. of research laboratories
(against 3,100), while maintaining the constraint that research laboratories are
three timos as intensive in their demand fer staff, the area serviced by each tech-
nician would be:

Teaching torthnician
Research technician

Existing Ratio lltered Ratio

1,680 (sq.ft. ) 1,974
560 658

Table 12.0 Pharmasz

Present Teaching:
Research Labora-

ry Ratio

:1 Teaching:
Research LabO-
ratory Ratio

Student Numbers 662 662
Teaching Labs (sq.ft.) 57,034 64,292
Research Lab8 (sq.ft.) 27,880 21,430
Research Labs (weighted area) 83,664 64,290
Ratio of teaching:research labs (actual area ) 2.1:1 3:1
Ratio of teaching:research labs (weighted) 0.7:1 1:1
Sq.ft. per teaching technician (approx.) 1 665, 1,665
Sq.ft. per research technician (approx.) 555 555
Number of teaching technicians 35 39
Number of research technicians 50 39
Number of academic staff required 65 65
Number of technical staff require: 85 42.5) 78 (+35.5)
Ratio academic:technical staff 0.76 0-3

There is a saying,,of 7 technicians on the nubber required for
the increased. enrolment (or 3.5_for the department as presently
constituted, but with an-altered laboratory ratio
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2. Altering the laboratory' -areas would mean a reduction in the area

of space serviced by each technician, if the existing staff estab-

lishment was maintained, nf the following order;

Existing Ratio Ratio

Teaching technician 1,655 (sq.ft.) 1,429
Research technician 555 496

Estimating the Demand for Technical Staff

We have endeavoured to show that the demand for technical staff is influen-

ced more by the physical demands of a department, in terms of laboratory space, than

by a derived demand from other academic staff establishment, or student enrolment.

This is exemplified in considering alternative proposals;

1) to expand an existing department, and,
2) to establish a new department.

apansion of an existing department

In tho case of technical staff, a space-derived demand would create the

following alternatives;

1. Linear expansion in line with present norms of teaching and

laboratory space per technical staff (which is,equivalent to
an-expansion based-on the existing academic:technical staff

ratio

2. Reduced demand for additional technical staff by:.

increasing the ratio of teaching:res arch
laboratories within the department

(b) increasing the square footage of labora ory
sPece serviced by each technician.

Increased demand for technical staff by:

( ) reducing the ratio of teaching:research:
laboratory space within the department

(b) redueing the square footage of:laboratory
pace Serviced by each technician.

With a declared aim of effecting economies) option-2(a) offers the naxtraum

ocepe. I haVe assumed-that Ail laboratery-space within the.department vas-fully

utilised at.thopoint of,expansionl end that the ratio can be'altered bY the conver-

sion of existing laborateriesiror by an altered balande in the proPosed-additional

12,10



accommodation. If however teaching laboratories were
expansion ean be accommodated in existing laboratorie
tional technical staff will be required,

2, Establishment ci' nwdeptts

tion:

ot fully utilised, and the
it may well be that no addi-

To forecast the demand for technical staff requires the following informa.

Proposed area of teaching laboratories -- this will be

de?7ived from course structure and amount of practical
hoUrs instruction to be given (A).

Proposed area of research laboratories -- derived from

research interests of department, and proposed post-
graduate instruction to be given (E).

Average laboratory apace ( q.ft.) serviced by each
teaching technician in the universitY (a

4. Average laboratory space (sq.ft.) serviced by ea h

research technician in the_universitv (b).

(a) and (b) are calculated as follows:

P ;= total aroa of teaching laboratories in the university

Q total area of research laboratories in the university

R = total number of technical staff in the university

The number of technical staff required in the new depa 1 nt (x) can then be esti-

mated by the formula:

x

CONCLUSIONS

+ E t 3B
a a a

3

1. The main purpooe here has been to show that the demand for _toahnieal staff is

relatedrmither to the student enroImentInor to academic staff complement.

2. Based on the data supplied by the Universities of Bradford and Lancaster, the

demand for technical staff within a department appears to be related to labora-

tory area. A close correlation is observed between the size of the technical

12.11
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etaff in a department'(mesxmmd.on a points basi and laboratory area, when
research laboratories are weighted as 3.

. Assuming that research laboratories are more intensive in their use of technical
staff, potential economies can be obtained:byincreasing the ra io of teaching:
research laboratories.

Economies can also be obtained by irIcreasing the area of laboratory space
serviced by each technician, but on University of Bradford data, this option
presents -less_spope for Significant savings.

Provided there is unused capacity in either teaching or research laboratories,
it is likely that expansion of undergraduate numbers will not require addi-
tional technical staff.

12.12
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PART 6

COSTING OF WDiIC MVALOPMENT PROPOSALS

The primary aim of this project has been to investigate potential economies
in cost per student, with special reference to Bradford University. One of our most
signifi,:ant findings is that it is easier to gain such economies through an expansion
of student numbers, more fully using existing facilities, than by attempting to cut
costs while keeping student numbers constant. Although the cost of the university
increases in total, the cost per student declines.

The large expansion of student numbers forecast in British universities
over the next decade gives scope for the utilisation of such economies. Hence one
of the concerns of the project has been with the planning for expansion within the
University of Bradford, especially with a view to seeking economies in the proposals
currently being made by the various schools for the forthcoming quinquennium (1972-3
1976-7). The purpose of thifi part of thu report is to show the methouology adopted,
and the results obtained.

In Chapter 13 a method for costing expansion proposals to produce an incre-
mental (marginal) cost per student is described. In Chapter 14, this method is used
bo cost some specific expansioA proposals actually submitted to the 11.cadom4o Planning
COMMittee of the University of Bradford for the forthcoming quineuennium. The scope
for potential economies jn these proposals is then. investigated in the li ht of the
findings of Parts 3, 4 and 5 cf this report.

186



CHAPTER.12

INCRLMENTAL COSTS

The purpose of this chapter is to describe a method of calculating the cost
per student of additional students on particular courses in the university.

The use of "marginal" cost per student is rejected in favour of "incremen-
tal" cost per student for this purpode. The difference between the "static" accoun-
ting procedure used for calculAting the historic average cost per student in Part 2
and the "comparative static" procedure required fo- calculsGing incremental cost
per student is emphasised (Section 1, below). A more flexible approach is deemed
essential for incremental costing in the university, and this is embodied in a dis-
cussion of the significan e and uso of "cv!counting units" (246

The reasons why incremental cost per student is likely to be lower than
average cost are discussed, particular attention being paid to the fuller utilisation
of pres nt resources within the university (3).

The output-budgeting question of the distribution of the cost of additional
resources between variouz outputs is then considered (4), and the chapter closes with
equations showing how the incremental cost per student is calculated (5), and details
of the factor prices used (6),

Ave a s and Incremental Co t

The analysis of unit ests in universities in Part 2 of this report provides
a picture of the average cost per student of the undergraduate outputs of the Univer-
sity of Bradford at a particular point in time. Here we are concerned with the
costs of expanding student numbers from this position into the future, particularly
with a view to finding economies.

Because of the output-budgeting requirement that all of the university's
resources must be attributed to one output ar another, the average cost per student
is inflated by the inclusion of Important resources, such as accommodation and equip-
ment, which are currently under-utilised. For this reason, it is possible to expand
student numbers without a pro rata increase in expenditure, on these items; the addi-
tional cost Incurred per aAditional student, the so-called "incremental" (marginal)
cost per student, will be lower than the present average cost per student. Following
the normal r elationship between average and Incremental (marginal) functions, the
average cost per student will decline with the expansion of student numbers.

The additional cost per additional student is referred to as the "incre-
mental" cost per student in preference to the term "marginal" cost. Marginal cost
is defined as the increase in total cost resulting from an increase in output of
one unit, or in this ease, an increase of one student. The expansion proposals,
however, deal with increases in student numbers in annual steps of up to twenty or

13.1
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more, amounts which aro not marginal but increiiontal, Hence we should properly use
the term "incremental cost per student".

At this point the distinction between the cost accounts needed for the
calonlstion of historic average costs and those needed for calculating incremental
costs should be made clear. The former is a "static"

costing procedure, showing the
costs of various outputs as they existed at a particular point of time in the past;
these costs are analogous to a photograph.

On the other hand, the calculation of
incremental costs implicitly involves "comparative statics", since by definition they
are calculated from changes in cost at the margin, These changes in cost can onlY
occur in a time

dime-sion; hence incremental coots are analogous to a movie film.
For this reasons the "static"

approach
for-incremental costing is inappropriate,

Further, because of the transfer of resources within the university to secure their
more intensive

utilisation, a more flexible
approach is required. We now discuss

this approach in detail.

Accourstimjlait2

In costing the expansion of an organisation so diverse s a university,
it is important to define the "accounting unit" to which the costs relate. The
costing of a particular proposal may involve one or more

accounting unite -- the
university, the school of study, or the course itself. Each simultaneously gains
or loses resources, and hence adds to or reduces-its costs, in its "transactions"
with the "outside world" (which is defined as everything outside of the accounting
unit). The following

example makes these principles clear; it illustrates the use
of different

accounting units for costing a proposal and thus the different costs
which arise.

Example: Suppose that a room costed at 500 per year is transferred from
School A to School B in order to accommodate an expansion of a course in the latter.
If everything else remains the same, the total cost of the accounting unit -- School
A -- falls by £500, while the total cost of the accounting unit -- School B -- rises
by g500. On the other hand, if the university is chosen ns the

accounting unit for
the "transaction", its total cost remains unchanged, since the "plus" £500 to School
B is cancelled

by ne "minus" 1500 to School A.

It might be argued that School A, by losing the room, would not be able
to maintain its output of teaching hours. Hence, the increase in teaching hours in
School B facilitated by the extra room might be offset by the decline in teaching
liours in School A, as a result of the loss of the room. This is unlikely to be so,
;however, because of the

under-utilisation of rooms in the University
of Bradford.

:School A will typically be able to maintain its output of teaching hours despite
the loss of a room by modifying its timetable so as to utilise

its remaining rooms
more fully. At thu same time, School B can increase its asn teaching hours with
the aid of the extra room. Hence overall

student numbers can be increased without
requiring any additional accommodation as fax as the

university is concerned. The
7eduction in the total cost uf School A. without any commensurate decline in its
)utput can be looked upon as an enforced

economy of scale, external to the expansion
)f School B.k

13.2
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In the example we hove a situation in which one transaction leads to three

different results, in terms of changus in total cost, depending upon Vdch accounting

unit is employed, a situation not encompassed within the scope of the static account-

ing procedure. By exclduing the timu factor, the pstaticli procedure precludes the

possibility of changes in totai cost; by excluding the possibility of iate'orial shifts

in resource use, the "static" procedure also precludes the possibility of the costs

of a particular proposal differing between accounting units.

To provide for this last possibility more than one accounting unit must be

used. If, in the case of the above example, the only additional resource required

by School B to expand its course is one room c stitg £500 per year, the other resources

being found unused within the school, then the additional cost to School B is £500.

This £500 represents the chans in the total cost of the accowiting unit School B.

If it io divided by tho additional student numburs it gives an incremental cost per

student to School B.

far as the university is concerned, however, the proposal incurs no

additional costs. The incremental cost per student to the university is therefore

zero.

On the other hand, if the room is rent-d from outside the university at

£500 ger year, then the additional cost both the School B and to the university is

£500 (assuming that the other resources required are found within School By as

before). The £500 is the addition to the total costs of both accounting units

incurred as a result of implementing the proposal; the incremental cost per student

to both School B and the universiV is £500 divided by thu number of additinal

students.

The university accounting unit thus shows the extra costs incurred by the

university as the result of the expansion of student numbers. If these costs are in

financial terms, they show the extra cash sums which will have to be paid out per

year. This is of interest to the university's financial administration and to the

University Grants Committee. On the other hand, if the costs are in economic (social

opportunity) cost terms, they roughly indicate the loss of output to the national

economy as the result of drawing the additional resources into university USO.

The de ee to which the cost of a osal to the School concerned is

greater than the cost to the University 3-1icates the degree of absorption of internal

Kau_lasslix.122E. This is highly relevant for internal planning purposes. For example

the reason for the comparative cheapnesS of a particular rroposal to the university

may be because of a large absorption of internal spare resources. This will be shown

in the costs incurred by the School. Insofar as these spare resources are non-
specialised, their shortage consequen, upon the acceptance of the proposal, may make

subsequent proposals more expensive from ;the university's viewpoint. And the cost

to the university maY be tho most impo; economic criterion for comarson beWeen

courses.

For the purposes of costing individual proposals however, each pr:p)sal

is taken in isolation, assuming all other student numbers constant. The significance

of the School accounting unit does not decline however, because it indicates the ex-

pected degree of absorption of internal resources.
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In costing each proposal, we also assume that all central expenses, such
as central administrative, library and student facility expenditure, remain censtant.
It is.considered that the expansion of student numbers involved it a single propo-
sal is insufficient to incur any additional costs in these items.

Accountin Uni and Izmentories of S are R our

The analysis so far shows that where a proposal requires additional
sources it is necessary, in order to calculate its cost, to:

(i) define the accounting units to be used. We have used two
accounting units, the University und the School. The use
of a third, the Course, is theoreticary possible, but im-
practicable because of the difficulty 7 obtaining suffi-
ciently detailed data.

(ii ) specify the source of the additional resources involved,
whether they are to be found within or outside the accoun-
ting units concerned.

One implication of this analysis is that the various accounting uaits --
the University and the School -- have inventories of spare resources. More precisely
they have inventories of spare resource-hours. Thus a classroom being used for
ten hours a week implies an excess capacity of twenty-two unused reom-hours per week,
assuming the normal thirty-two hour week and perfect timetabling. In the unit-
costing in Part 2, these unused room-hours were attributed to the users of the roam
in proportion to the hours which it was used by them. It follows, therefore, that
if we deal in resource-hours, the total cost of an accounting unit is composed of
two elements:

(i) engaged resource-hour

(ii) unused resource-hours,

where (i) comprises those resource-hours actually being used to produce university
outputs, flad (ii) comprises the remaining resource-%ours available, which are not
being'used and thus may be considered open to the possibility, subject to certain
constraints, of being absorbed in expansion by that or another accounting unit.

The major constraint is the problem of drawing a line between the two
categories (i) and (ii) above for a particular resource. The use of accommodation
is the most clear-cut case, but even here there are practical difficulties in time-
tablin; a ful3 thirty-two hour week. If a room is being used only ten hours a week,
in practiae it is unlikely- that it can be timetabled for alternative uses for all
the remaining twenty-two hours. On the other hand, it is possible, as shown in
Part 4, to extend the week above 32 hours if existing accommodation is fully stretched
yet more room-hours are required. The case of staff is more difficult because of
the absenee of any formal definition of duties or of any standard for the length of
the working week.
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This concept of an invent, , of spare resource-hours for each accounting
unit is important, since these resource-hours may be used to expand output without

increasing the cost of that accounting unit. That is, during expansion, resource-
hours within the accounting unit are transferred from the "unused" to the "engaged"

category. Consequently, the cost of unused reflource-heurs goes down and that of
engaged resource-hours goes mR, while the overall total cost of the accounting unit

remains unchanged.

If the cost figures produced for an expansion proposal show that the
incremental cost to the University accounting unit 1.6 of a similar order of magni-
tude to that of the School accounting unit, then the implication is that most of

the resources rsquired are coming from outside the university, and that few, if any,
economies from fuller utilisation of existing msources are being obtained. To

maximise these economies we need to maximise the extent te which the University's
incremental cost is lower than that of the School, subject to the constraints out-
lined above.

"Fullco-t" vs. "Partcost" of Resources

A problem with new units of resources required by an expansion proposal
is that for part of the time they may be employed upon work not connected with the

proposal in question. The most obvious case concerns academic staff, for although
the justification for their original employment may be to share the additional
workload of a new or expanded undergradmite course, they are expected to do some
personal research, and may also teach on postgraduate or other undergraduate courses.
It is possible, therefore, te distinguish two sets of costs. The first (the "full-
cost") attributes the whole cost ef the resource te the proposal in question, en the
basis that the resource would not otherwise have been employed. The second set of
costs (the "part-cost") attributes to the proposal only that proportion of a resource
which it is estimated will be devoted to the proposal in question. The balance has

been ignored in the costing of the proposal. Because we are dealing with future
costs, the estimates are necosb-rily approximate.

Table 13.1 Distribution of Staff Time Between
Under raduate and Post raduate Activities

Grade of
Staff

1.

Undergraduate
Activities-

Postgrad.4ato
Actiyiti

Total

Averoge
Hotrs per week

(2).

verage
Hours per week

.(4)

i

(/2

5)

L,verage

Hours perweek
(6) 7

Professor

Reader.

Senior:Lecturer

Lecturer

22

15
.2

26

47

28--

48

57

24

38

14

20

53

72

2.

43

46

53
,

27

46

100

100

100

100

Overall Average
V

23 52 21 48 44 100

13.)
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In the case of ac,:.domic staff wc have used the distribution found in 1968
and described in Table 13.1. -The proposals costed all relate to undergraduate cour.
so the percentages 5. Column (3),have-been used.

For equipment and accommodation the' professOrs concermd were asked to mai
estimates. In the care of material's fUll-nost eqimis part-cost because of their

_status as foonsumablesit.

5. The 'Calculation of Increment'l Cost

Given a time series of the student numbers of a proposal and the associa-
ted total-cost fel- the accoUntng unit concerned'0'the increMental cost per student
year (en either a fullcost bIS part-cost basis ) is calculated as follows:

where

TVC =
TC =

subscripts A.
t =

where

TVC = TC TCAtAt
At-1

total variable cost
total cost
accounting unit concerned
annual time period involved

ISN = TSN - TSUc
-t -t t-1

ISN = incremental StUdont numbers
TSN = 'total student numbers

subscript C =.dourse Concerned

IC TVCAt

ISNG't

wher0

(1)

(3)

IC = incremental co t per student-year on the course expansion.

Me calculate the cost per student-year, rather than the cost per student
per year of the course as in Part 20 because the estlmntes of resource requirements
do not distinguish between years of the course.

1. Source: R. K. Khanna and la. Jhattock, "Analysis.of University Staff Time",
published paper (University of Bradford ), 1967-8, page 18.
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Financial and Eeenemie Coqts

In this section we indicate the actual prices used to cost units of the

various resources required by expansion proposals. The rationale behind the ethod

is described in Chapter 1, pages 1.3 to 1.6. We will now deal with each major

resource in turn.

(i) Accommodation

Here a cost per square foot weighted for accommodation of different type

is produced. This cost is an aggregate for the five major auiversity buildings.

The firs-testage of the calculation is shown in Table 13.2, where the total

annual cost'of each the buildings ie calculated and aggregated (Colum.,..Ls (8) and

(9)),

In TCole 13.3 thcse aggrogete annual financial and economic costs are

divided by the aggregate weighted assignable area of the buildings to produce an

annual cost per weighted square foot, The weighted assignable area is greater

than the actual asslelable area because laboratory square footage is increased in

the same proportion as its capital cost exceeds that of other accommodation.2

The conversion of the cost per weighted square foot produced in Table 13.3

.into a weighted cost per square foot for rooms of different types is accomplished

in Table 13.4 using the same weighting factors. The resulting figures used in

costing the additional accommodation requirements of proposals are shown in Columns

(5) and (6).

Teaching Egnipment

The financial cost of a new piece of equipent is the purchase price,

attributed to the year of its purchase.

The annual economic cost is found by multiplying the initial purchase

price bY an annuity factor. A figuce of 0.11 has been used, which approximates

to an annuity factor of 7% over 15 yearso

(lii) Academic, idniinistativu _and Technieal Staff

The midpoints of the current sJlary scales have been used as the cost

of each grade of staff. The correspondLag superannuation and National Insurance

payments are included, and the totals aro shown in Table 13.5 (Column (5)). It

is aSsumed that the economic and financial costs of staff arp equal.

2. Weights are baeed on U.G.C. capital allowances for different typos of buildings;

ee Chapter 2 for details.
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Table 13.5 Ayamat_§_taff Costs*

Grade

(1)

Salary

2

Superannuation National
Insurance

(4)

Total Staff Cost
ie (2)-1-(3)-1-(4)

(5)

1) i,cademic Staff

Professor £5610 560 £100 £6270

Senior Lectur r/
Reader

3100 380 100 4280

Lecturer 2454 245 100 2799

(2) L.dminist:

Clerical 2_:11 68 55 1254

Typist 702 42 50 794

Secretary 1131 68 55 1254

Administrative/
lorofossional

3) Technical Staff

1560 94 60 1714

Chief Technician 2178 218 2396

Senior Technician 1551 155 1706

Technician 1222 122 1344

Junior Technician 710 71 781

Laboratory Assistant 972 97 1069

*Sourvcei Personnel Divi,Lon, Bursar's Officei and the
Tamante Offide- University of Bradford

)

Both the ftnancira and economic cost of materials are taken to equal
their purehase price, attr.J.butable te the year in which they are purchased

For the purpose of the costing all pr
1970 level.

13.8

are assumed constant at the



Conclusion

Once the above methodology has been grasped it is eDsier to calculate the
incremental cost per student-year of a proposed course expansion, than to produce
a current average cost per studenl; per year for the same course using the methodo-
logy of Chapter 2. This is partly because the concern is only with the relatively
minor changes in toLal cost of a course at the margin, rather than with delimiting
the total cost, and partly because future planning necessarily involves data which
is less detailed and results which are less precise.

13.9

4-N GL.197



OHAPELR 14

COSTING OF PROP 141 S AND POTENTIU E _OTOMIES

(1) Introduction

In this chapter,: the metholology described in Chapter 13 is used to cost
expansion proposals actually made at Bradford University for the quinquennium 1972-
to 1976-7.

The collection of data involved close co-operation with the Schools con-
cerned. Once the expansion of student numbers in a particular course had been pro-
visionally decided by the university's Academic Planning Committee, a meeting was
arranged between the profeseor concerned, or his nominee, and a member of the project

team. lit this meeting the professor was asked what additional resourcee he would
require, and could reasonably expect to obtain, in order to cope with the proposed

expansion.

It was frequently emphaeised by the professors that, due to the nature of

the exercise, the information :Ls tentative. Some of the information is based upon
current norms (e.g. the stuff:student ratio), but this does not detract from its use-

fulness, because such norms can be changed in order to dbserve the effec'. on costs.

It seemed likely that the resulto of such sensitivity tests on incremental costs per
student-year would differ from those produced from similar tests on average cost per

student. This is important because our aim is to find economies in future planned

expenditures. Theee can be modified relatively easily became they have not yet
occurred, in contrast to present expenditures, which are committed in advance and

thus cannot easily be reduced. Existing equipment and buildings have to be maintainc
and academic staff cannot be dismissed, but future commitment need not be increased
by adding to the stock of these resources, and this is often possible because of

present surplus capacity.

The chapter is divided into sections, each concerned with an analysis of

an individual expansion proposal. Where appropriate, this analysis iS carried out
under three headings as follows:

(1) Financial Co ts of the Proposal

Here proposals are examined in the light of their financial.costs, i.e.

in terms of the extra money cost to the accounting units concerned. Of particular
importance is the University accounting unit, which shows the extra financial outlay

to be incurred by university if the proposal is adopted, and thus also by the govern-

ment which furnishes the university's exchequer.

The financial cost to the School accounting unit is usually higher insofar

s the proposed expansion involves the School in assuming a greater burden of the
financial cost of e71sting university buildings. This cost is not an addition to
the untversity's costs, and thus does not figure in its accounts.

14.1
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The difference between the "full-cost" of the proposal and the ..--t-cost"

will also be noted.

(il) Comparison with the Present .Lvera e Costs_ngr Studentl

The purpose of this section is to link the incremental costs of the propo-
sal (using economic part-cost for the School accounting unit ) with the existing aver-
age :!osts as shown in Pert 2. This poses two problems.

The first is that the incremental costs aro calculated in terms of cost
per student-year, i.e. the total cost of a course in year X divided by the total
student numbers, regardless of year or grade, on the course in the same year; in
contrast, the average costs are presented in terms of the cost per student per year
of the course, i.e. the total cost of a course in year X is broken down into the
total cost of each year or grade, and these are divided by the student numbers in
those years or grades. In order to make these figures comparable the average cost
figures calculated in Part 2 aro modified to produce an average cost per student-
year. This is done by dividing the total cost of the course in 1969-70 by the
total student numbers on the course in that year.

For example in the case of Chemical Engineering (see Appendix 1, Table 1
the total cost of the course of £225,507 in 1969-70 is divided by the 349 students
on the course in that year. This gives on average cost por studenL-year of £646, com-
pared with the costs per student pur year of £767, £642, £633 and £515 for the 1st,
2nd, 3rd and 4th year students respectively.

The second problem is that we do not know how costs have changed in the
current year (1970-71). Consequently, it is arbitrarily assumed that the total cost
of a course in 1969-70 remains the same in 1970-71 despite the possible increase in
total student numbers on the course between those two years.

(iii ) The Sensitivit of Costs to Various Economies

Here we erine the sensitivity of the cost of a proposal (economic part-
cost to the School accounting unit) to the implementation of various economies
suggested earlier in the report, such as worsening the narginnl stafftstudent ratio,2
applying the noms relating technical staff requirements to laboratory areas, using
accommodation more intensively and extensively, etc.

A concluding section compares the costs and economies of all the propoSals.

As presented in Fart 2 of this report.
The marginal staff:studeut ratio is used because we are concerned with the addi-
tional resources required by an expansion proposal. The ratio is obtained by
matching additional staff numbers with additional student'numbers; this differs
from the normal staff:student ratio, i.e. the average ratio, which is calculated
by matching total stari numbL.rs with total student numbers.

14.2
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(2) Costing of Proposals

(A) Applied Biology

The Undergraduate School of Applied Biology is a well-established
school with a first year intake of 33 in 1970-71. It is proposed to increase
the intake to a maximum of 60 by 1976-77; this expansion being sustained by
Lhe buoyancy of student demand, but limited by the need for biology graduates
in industry.

The School has teaching commitments to other schools, e.g. Pharma-
cology, and these are likely to increase in.the future if proposals for certain
new courses are accepted, .g. Environmental Studies, Chemistry with a Biology

option. However, in this costing all other student numbers are assumed constant.

(i) Financial Costs of the Proposal

Table 14.1 and Figure 14.1 indicate the additional financial costs
(TVG) of the proposal to the two accounting units.
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Table 14.1 APPLIED BIOLOYL: Additional Financial Co TVG)

1971/2 1972/3 1973/4.1974/5 1975/6 1976/7
-----------------------

Student Numbers: Total 126 138 152 164 174 194

Incremental 0 12 14i 12 10 20

E E E E E E

(1 ) Staff: Full-Cost TVC 0 4,951 82819 16;692 20,835 29,765

Part-Cost TVC 0 3,141 5,805 10,248 13,188 170831

(2) Accommodation:

Full-Cost TVC 0 2,880 2,985 3,247 4,197 4,407

Part-Cost TVC 0 2,880 2,939 3,103 4,006 4,095

Ifiuinment:

Full-cost TVC 0 700 1,200 1,700 2,200 2,700

Part-cost TVC 0 700 1,200 1,700 2,200 2,700

(4) maAarials.:

Full-Cost )
TVC

Part-Cost )
0 800 1,100 1,400 1,700 2,000

AGGREGATE COST - SCHOOL
Accounting Unit (i.e. (1)

,

(2) + (3) 4' (4))
,

FulT-Cost TVC 0 9,331 14,104 ,23,039 28 932 38 871

Part-Cost TVC 0 7,521 110044 16 449 21,094 26,626

AGGREGATE COST - UNIVERSITY
Accounting Unit (i.e. (1) +

Full-Cost TVC 0 6,451 11,119 19,792 24,735 34,464

Part-Cost TVC 0 4,641 8,105 13,348 17,088 22,531
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The cost to the University accounting unit is the more important because
it shows the extra financial outlays, above the present, to be incurred by the
university. The school accounting unit shows the financial cost from the view-
point of internal pricing; the cost is higher becauze the school will assume a
greater proportion of the costs of existing university buildings. This extra ,

accommodation cost to the school does not constitute an extra cost to the univer-
sity, and thus is not included in its accounts.

Figure 14.1 also shows the differences between "full-cost", i.e. the
entire cost of each additional resource required by the cuurse expansion, and
the "part-cost", i.e. the proportion of the cost of each additional resource
which can be attributed to the time actually spent on the course, in the widest
sense. In this case, the only resmurces affected are academic staff and conse-
quently their offices, but this is sufficient to make total part-cost amount to
only 65 percent of the total full-cost for the university. The remaining'35
percent can be attributed to outputs not related in anyway to the proposal in
question, i.e. staff research and postgraduate work.

(ii ) Ppmparison with the Present Average_g2-01LILEM,Stuc t

. . .

Table 14.2'and Figure, 14.2 show how the costs'per student-year in
Applied ,Biology,are expected to.Change as student numbers increaSe. Based Upen

Woo's I

.7A1'3 73/4. 7415
I52.. 164
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Table 14.2 APPLIED BIOLOGY: Changes in the Cost
of the Course with an Expansion of

Student Numbers*

Items of Expenditure

TOTAL COST Percentage Chonge
between (1) and (2
i.e. i2)-(1) ,-1969/70

(1)

1976/77

(2)

(1)- x 100K6

(3)

. Capital & Maintenance Costs £21,827 E30,791 I 41$

2. Teaching Costs 41,626 66,903 61%

3. Administrative Expenditure 10,609 11,403 8%

4 Library Expenditure 2,387 2,387 0%

General Expenditures 3,003 3,003 0%

Total Cost E79,452 E 14,487 44%

B. Total Student Numbers 103 194 88%

C. Average Cost Per Student-Year
(i.e. A 4. Ei)

771 590 -23%

D. Total Variable Cost 0 05,035 --

E. Incremental Student Numbers 0 91 _-

Incremental Cost Per Student-Year
385 --

(i.e. D 4. E)

* Source: Appendix 3, Table 1
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estimates from the School, average cost per student-year should decline through the
quinquennium from 0771 la 1969-70 to £590 in 1976-77, a fall of 23 percent. This
indicates that expanding student numbers in a well-establiehed School will lead to
economies, even when they are not deliberately being looked far, because the basic
resources are already available. harginal increments to the existing stock of
resources are relatively small, as shown by the incremental cost per student-year.
The sharp uneveness of this line is due to the intake of new resources failing to
coincide exactly with the increases in student nvelbers. Thie is most marked in
1972-73 when a relatively large intake of resources, mainly due to the acqeisitica
cej* two laboratoriee, coincides with a relatively small increment in student numbers.
Taking the period as a whole the incremental cost per student-year averages E385.

Overall. an 88% increase in student numbers can be accommodated with a 44g
increase in total cost.

(iii) The Sensitivit of Costs o Various Econamiee

Figure 14.3 ohows the 2esulte of four sensitivity tes

Figure 34.3(a..,: subtracting the cost of additionai accameedation reduces
the School total and incremental coet by 30 percent. This accommodation will be
found within existing buildings, eo that the saving will be made by the aniversity.
However, the additional accommodation required by the School represents a drain on
the spare capacity at present available within the university. If, instead, the
schoolfs existing accommodation could be used more fally, a saving or up to 30 per-
cent on the total and incremental cost could be made.

The fullex: use of existing laboratories, which at present have a utilisation
rate of 48 pereent,4 might remove the need for the additional laboratories which form
three-quarters of the extra accommodation cost. This alone would lead to a saving
of 23 percent in total and incremental cost, as well as having other coet reduction
Implications, which are disóuesed below. However, it is felt in the School that
existing laboratories are reaching their full capacity and that any additions to
student numbers will require extra laboratory space.

Figure 14(b): subtracting the cost of additional equiFment and materials
reduces the School total and incremental cost by 13 percent. The possibility of
eaving the equipment element is remote because it is related to student numbers, rath-
er than to additional laboratories as tends to be the case in the Engineering Schools.
Also, if laboratory woric is to continue in the school then it is doubtful whether the
materials budget, which ie already stretched, can be cut, A consideration of the
technical staff requirements below makes a reduction of the materials budget less
likely and loss desireable.

Eiegu2)_t reducing the technical staff requirements to accord with
the university average (which Biology at present closely matches ) of 5.5 technical

4. Source: Chapter 8, Table 8.3

14.5
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staff points for every 1600 square feet of teaching laboratory area5 reduces the
School total and incremental cost by 9 percent. The technical staff requirements
amount to 20 staff points by 1976-77, compared to 10 staff points using the uni-
versity average and the extra teaching laboratory area required.

If, as suggested above, no extra laboratories are required then the norm
would imply that no oxtra technical str-r are required, resulting in a 19 percent
saving in cost. However, it seems likely that the more intensive use of existing
laboratories might require some additional technical staff.

The shortage of materials mentioned above has repercussions on the techni-
cal staff requirements, especially in the lower grades. The shortage of materials,
and the long time-span of biology experiments which means that much of the stock is
in use at any one time, causes peaks in the cleaning of materials. This revives
more technical staff than would otherwise be the case. Insofar as the cost of a
"block" of extra materials is less than the alternative cost of an extra technical
staff member, some substitution of materials for technical staff would be economic
at the margin.

21211m_14.3(d): progressively worsening the marginal staff:student ratio
from the propesee ratio of less than 1:10 to 1:25 leads to a savings in School total
and incremental cost of up to 30 percent,. As a rough approximation, the average
staff:student ratio will fall from the pr sent 1:10 to 1:13 by 1976-77 with a margi-
nal ratio of 125.

The actual increase in contact hours resulting from the higher student
numbers will not 1),: great,6 so that some reduction in this ratio iS justified.
BecalaSe the additional staff costs form a considerable proportion of the total
additional costs cf the proposal, reducing the ratio will lead to sizeable economies.

SunmarY

(i) 81gnificant economies of scale are evident in Applied Biology even
though no deliberate attempts have been made to find them. An 88% increase in stu-
dent numbers can be accommodated with a 44% increase in the total cost of the course.

(ii) The key to potential further economies s ens tc be of a twofold
nature. Firs-ay, if existing laboratories were used more fully, then the need for
additional laboratories would be removed (23% saving), and with it much of the addi-
tional technical staff (19% saving) and equipment (3% saving).

Secondly, the marginal staff:stulent ratio c,,In be reduced to some extent
without increastng the average teaching load per staff member. A worsening of the
ratio of up to 1:25 leads to savings of up to 30%.

See Chapter 12.
See Chapter 5

14.6
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(iii) Owing to past decisions on the allocation of resources, which
have left the School with relatively little uxcess capacity compared to other sch000ls,
Applied Biology is in a less favourable position to expand by more fully utilising
existing resources. Of particular importance in this respect is laboratories, the
fuller use of which may onay be possible through a lengthuning of the working day.

14.7
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(B) ELectrIcal Engineexn

The Undergraduate School in Electrical Engineering is a well-established
school. It hopes to expand from an intake of 78 in 1970-71 to 90 by 1976-77. This
will lead to student numbers increasing from 264 to 311 over the same period.

The Professor of Eledtrical Engineering believes that no additional resources
will be required for this expansion. The reason is that there already exists capacity
to accommodate a first year intake of 90, because in the past entries of this magni-
tude have been accommodated. The School has thus suffered from declining student
enrolments, a manifestation of the swing from the sciences In recent yeare, which has
left its laboratories relatively underutilised.7 However, this yuar there has been
a decided upturn in the student intake which may presage future increasing enrolments
in the School.

Other science schools, such as Mechanical and Civil Engineering, Chemistry,
Physics, etc., are faced with a similar enrolments problem, and because it is so wide-
ranging, it has been given careful consideration by the Academic Planning Committee
of the University of Bradford.8

The committee has decided that a solution to the problem is to foseer mixed
arts-sciences courses which, it is hoped, will cacourage arts students to do sone
science whilst taking their degrees. This will help maintain the provisional recom-
mendation of the University Grants Committee for a 55:45 arts:seience distribution
of students during the forthcoming quinquennium, and will supply industry's apparently
growing need for "generalist" rather than "specialist" graduates.

In Electrical Engineering, however, an attempt tc introduce a new course
involving Keel proportions of Electrical Engineering and Modern Languages has been
withdrawn after preliminary discussions. The student numbers on this course would
not have contributed towards the School's proposed attainment of an intake of 90 for
the fflil Electrical Engineering course, but they woeld have helped to increase the
utilisation of its laboratories and equipment.

For the purposes of this costing we simply aseume that the total cost
of the course in 1969-709 remains unchanged (in real terms) through the quinquennium,
and that (b) the desired student numbers are forthccming. The resulting cost figures
are shown in Table 14.3 and Figure 14.4. The average coat per student-year falls by
21% fram 5;891 in 1969-70 to £708 in 1976-77. Because there are no additione to total
cost despite the sizeable increments in student numbers, i.e. total variable cost is
zero, it follows that the incremental cost per student year is also zero.

71461

7. The rate of utilisation of Electrical Engineering teaching laboratoriee is 42%
(see Chapter 8, Table 8.3). The Professor has pointed out that it is impossible
to use specialised laboratories throughout the whole week. Many of these are pro-
ject laboratories, and by the very nature of project work these can only be occu-
pied for a few hours of the week.

8. See, for example: "Report of the Undergraduate Panel of the Academic Planning
Committee te the full Academie Planning' Committee, Registry Files, 1970, paras 6-9.

9. Source: Appendix 2, Table 3.

14.8
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Table 14.3: ELECTRICAL ENGINEERING -- Changes in the Cost
of =ale Course with an Expansion of Student
Numbers, 1969/70 to 1976/77*

Items of EXponditure

TOTAL COST Percentage Change
between (1) and (2)

(1111)1969/70

(1)

1976/77

(2)

i.e. x 100)%

1. Capital & Maintenance Costs I £78,481 £78 481

_ Teaching Costs / 107,273 107,273 0%

3. Administrative Expenditur 0 25,688 25,688 0%

4. Library EXpenditures 3 705 3,705 0%

5. G neral Expenditures 4,940 4,940 0%

------------. _ -

Total Cost £220,087 £220,087 0%

B. Total Student Numbers 247 311 26%

Average Cost per Student-Year
(i.e. A 4. B) 891 708 21%

Total Variable Cost 0 0 --

B. Incremental Student Numbers 0 64 --

F. Incremental Cost per Student-Year
i,e, D ti. E

--

* Source: Appendix 3, Table 4
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(C) Chem nical Engieerir-------

The Undergradaatc school of Chemical hngincoring
:e400l, having Lhe largest undergraduate sLudent populaLion of tl-u2 five schoo

ja the Board of .2,hgineering. It is proposed to Lhe InLaz_d of 95 in
.1.=;70-71 to 120 by 1976-77, for which Lhcre is ar;,ple capacity. The scLoel
1,robab1y suffered leas than the other engineering schools from the suLn:

udent demand towards the arts. 'By addin, a management economic optioL t
the course, it is believed that the t -get intake will be achiev4J1.

(Tvc)
Table.14#4 and Figure 14.5 how the total additional financial costo .
the prop sal to.cxpand Chemien, Engilleering
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Table 14.4 CHEMIC,,d, ENGINEERING

Additional Financial Coats (TVG)

1971/72 1972/73 11973/74 1974/75 1975/76 1976/77

Student Numbers: Total 341 340 550 365 395 420

Incrementpa 0 -1 10 15 30 25

(1) Staff Full-coSt PVC 0 0 2799 2799 7079 7079

Yart-cost TVC . 0 0 1595 1595 3649 3649

2 iig_QUIMP- Full-cost TVC 0

0

0

u

105

59

105

59

210

109

210

109dation Part-cost TVG

EOuln- Full-cost TVC 0

ID

30

30

-70

-70

.30

30

80

8C

180

180ment Part-cost, TVG

4 Materials F P-cost TVG 0 -1 9 24 54 79

AGGREGATE COST
School Accounting Unit
Cie (1)+(2)-1.(3)+(4))

Full-cost TVC 0 29 . 2843 2958 7423 7548

Part-coSt TVG 0 29 1593 1708 3892 017

GGREGATZ COST
University Atcounting Unit
ie (1)+(3)÷(4))

Full-cost TVG 0 29 2738 2853 7213 7338

Part-cost TVG 0 29 1534 1649 3783 3908

1-0 LS'6 212



Table 14.5 CHEMICAL_ENGINEERING

Chan es in the Cost of Chemical Engineering

with an nsion of Student Numbers to an Intake of 120*

Item of Expenditure TOTAL COST % Change between 1
and (2)

i.e. (2)7(1).1969/70
(1)

1976/77
(2) (1)

x 100)%

1) Capital and Maintenance
Costs 79,533 79,769 0%

2) Teaching Costs 97,114 100,869 4%
3) Adtinistrative Expenditures 36,645 36,645 0%

(4) Library Expenditure 5 235 5,235 0%

5) General Expenditures 6,980 6,980 0%

IA. TOTAL COST 225,507, 229,498. 2%

B. Total Student Numbers 349 420 20%

C Average cost per Student
Year (i.e. II:4- E) 646 546 -15%

D. TOTAL VARIABLE COST O. 3,991 --

E. Incremental Student NuMbers 0 71

F. Incremental Cost per Student
Year (i.e. D -:- E)

0 56 --

* So e: Appendix 3, Table 5
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The difference in financial coot between the school and Univar-3iLy
accounting units is small because,the, additional accommodation re:=1uired only

a-:Aents to two'additional oLaff offices. These will be fod, th,

addinii; to the cost of'the School but not Lo Lhat of Lho UnivQrsi

Thelpulk of the additional co t 'arioco from Lhe elployent, of .Lwo new

academic staff. Thizii coupled with the fact Lhat Lhey may. be oxpoctod to spend

a considerable proportion of their. ',ime on work not iisociated with the cd'a7so
in question,' results in the financial part-cost amounting to only 53 peroent of

Lho full-eoSt. In other words,'.little more than half of the Lotal additional:
financial cost to be incurred by the universiby on the expansion can be attri-',

buted in. advance te the outputs of the course concerned.

(ii). C,omnarison with the'Pro- nt Avcrae .Cos s nor tudcnL, -w

Table 14.5,and Figure .14.6 show hew the,cost per tiidcntyoar _ts-

oxnectod to change as student numbers 11.1cl-case throt4sh the quinquennium.



The average cost per student-year declines frem £646 in 1969-70 t £546 in 1976-77,

a fall of 15 percent. Like Applied Biology, this illustrates the relative cheapness
of expanding well-established schools. The incremental cost fluctuates due to the
irregular intake of resources, but over the quinquennium it averages £56 per student-
year.

Table 14.5 shows that between 1969-70 and 1976-77 a 20 nercent_increas
student numherS oan be_accommedated Witkonl- a_2_percent increase in total cost

(iii) 5ensitivit of Cos s to Various Economies

It should be noted that the Chemical Engineering undergraduate ccuse is
an "end on": "thin sandwich" course because this influences the nature of the econo-
mies and the degree to which they can be made. The uthin sandwichft involves two
streams of students, each alternating six months in industry throughout the four
years of the course. The course is "end on" because as one streald of students leaves
the university the other stream arrives from j_ndustry, so that at any one time in
the academic year of forty-six weeks, only half the total number of students on the
course will be in the university. The faet that the Chemical Engineering students
only spend two years in the university is one reason why the graduates are relatively
cheap to produce compared to those of other four year courses.

Table 14.5 in the previous section shows that the addition to total annual
cost amounts to only £3,991, so that the scope for sensitivity testing is limited.
However, when one considers that the comparable figure for Applied Biology is 05,035
it may be useful to examine reasons for the difference.

Although Applied Biology is planning a rather smaller absolute expansion
in student numbers than Chemical Engineering, the proportionate expansion is much
larger (i.e. 54$ compared tc 23%). Furthermore, the present capacity of Applied
Biology is a good deal more limited than that of Chemical Engineering, so that the
school will be expanding proportionately more quickly from a less favourable present
position.

In this situation, bringing the qaestion of expensive laboratory facilities
into account highlights an important reason for the difference in expansion costs.
Applied Biology has much laboratory work in its undergraduate course and to expand it
estimates that 2880 square feet of extra laboratory space is required. In contrast,
Chemical Engineering has no laboratory work at all except for individual projects in
the third year when research laboratories are used. Consequently, the potential for
heavy additional expenditures on laboratories, along with the associated equipment
and technical staff, is removed. It is believed in the School that the students gain
sufficient laboratory experience in their sandwich periods in industry. an the other
hand, in Applied Biology it is argued that the industrial firms which take students
for their sandwich periods require previous laboratory experience.

The other major resource which renders the expansion of Applied Biology
relatively expensive compered to that of Chemical Engineering is staff. Much of the
additional staff requirement in Applied Biology is for technicians, tte need for which
is related to the extra laboratory area. In Chemical Engineering we have seen that
only two extra (academIc)staff are required, and this cost comprises 90 percent of the
£3991 total annual cost of the expansion without including the cost of tLeir offices.

14.12
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Ab this point an.examinatiJn of Figure 5.3 will he useful. in

proposing' an expansion from a half-yearly intake of just U761' 45 (i.e. (,2 5

for the tiole year), 10 00 (i.e. 120 for the whole year), i,110 raguire=_,
two exLra staff is roughly in lino withAheprojected extra le.:,chir:

however, in terms f the cost of academic staff per student (i.e the
Gest Index),11 the expansion isnot very economical. The,index lino in;5.'4

shows,that.although there will bc.a small drop in thc,cest per student,
the-expansion involves moving from hear'the bottom of one
section of the curve to,the top ok the next., the "break.pointo bein7 aLsociated
wibh a group size of 50. Further economies in the cost at academic ff per
sLudent could be gained if the expansion is continucd.beyon4 the half-year
:intake ot sixty.: However, this formula may' not necessarily be close2,y adhered:.

to, as we now.go:on to show.'.

Although,the.proposal involves an expansion of the intake froT.1 1,

to 220, and this can be achieved very cheaply, it is believed that the S.ihool.
could expand to an intake Di 160 with no additions to present casacity.
cost implications are shown in Table 14.6.and Figure 14.7,..although then
be slightly optimistic for reasons given balow.

,
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Table 14.6: CHaQL ENGINEERING

Changes_in the_Cost of the Course with an

Pmnsion of Student Nurnbore to an Intake of 160

Item of Expenditure TOTAL COST % Change between
and (2)

"e' (121=ill
())

x1969/70
(1)

1976/77
(2)

---
1 Capital & Maintenance Gee be 79,533 79,533 0%

(2) Teaching Costs 972114 97,114 0%

3) Administrative Expenditure 362645 36,645 0%

(4) Library Expenditures 5,235 50235 0%

(5) Student Facility Expenditure,
etc

5,980 6,980 076

. TOTAL COST 225,507 225,507 0%

B. Total Student Numbers 349 500 43%

C. Average Cost per Student
646 451 -30%

Year (i.e A. . B)

D. TOTAL VARIABLE COST 0 0 --

E. Incremental Student Numbers 0 151 --

F Incremental Cost per Student
Year e. D .9. E

0 0 --

* Source: Appendix 3, Table 6
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Such an expansion is possible in a variety of ways, the two extremes of
which are a8 follows:

(=) by maintaining the present course structure
and increasing the preeent low teaching load
of academic staff, or

(b) by ehanging the course structure and maintaining
the teaching load constant.

We will briefly discuss each in turn.

(a) The present low work-load of acadeinic staff must be explained and also
qualified. Because the nature of the course results in only half the total number of
students being in the university at any ono time, the staff:student ratio in this sense

is effectively halved to 1:7. Consequently, the average weekly teaching load per staff
member is about four and a half hours, compared with at least six hours for the univer-

sity as a whole. However, this teaching load has to be borne for forty-six weeks of

'oho year inetead of the usual thirty-three, and it is composed entirely of lectures
and tutorials, rather than the less demanding laboratory supervision which forms a
sizeable proportion of the load of most other schools. Also, each staff member spends
three weeks of every year visiting students in induetry.

It is believed that the intake of 160 could be accommodated on the present
course structure by '_ncreasing the present teaching load of staff to around the uni-
versity average. Because of their teaching commitments over and above the normal. 33-
week year as explained above, thi8 would reduce their working conditions to below that

of other acadenic staff.

Because this would involve allocating more of the existing staff and accom-
=dation resources to the course and away from other outputs, they should be included

in Table 14.6 and Figure 14.7. Their absence renders these figures slightly optimistic.
But the most important cost would be the degree of loss of the other outputs which the

redirected resources would otherwise have produced.

(b) It is often remarked in the School that the Chemical Engineering course
has proved to be a flexible cne. The alternative to (e) is thus to modify the course
structure in such a way as to maintain the current teaching load of staff. Tutorials

which, because of the small group size involved, are relatively expensive of staff
time, could be replaced by lectures in which the whole intake can be taught simulta-
neously. The result may be a deterioration in the quality of the student output, but

the experience of the school suggests that this need not be so.

If this alternative were to be chosen to accomeodate an intake of 160, the
cost projections in Table 14.6 and Figure 14.7 are less ,3/30/1 to charges of optimism
because little re-organisation of the current reeource use would be involved.

The fact remains, however, that the proposed expansion to an intake of 120
probably more realistic in the light of projeeted student demands and of the domande

of industry.

34.14

218



Summary

Chemical Engine ring can expand its student numbers very cheaply for the

following main reasons;

(i) present excess °opacity in the School
ii) the end-on thin oandwich nature of the cour

(iii) the lack of laboratory work in the School
(iv) the flexibility of the course.

However, at present it seems doubtiul lar student demand will he
sufficient to reap tile full benefits of such ecc- 0.

34.15



Industrial Technology a d nuçment

The Undergraduate School of Industrial Technlogy and nanag-
a very new'sehool0 for there will bp:no fourth year students on the course
Until next'academic year, (1971-72

The School has been able to attract a high prepOrtion of sbudents
with an arts background to a:course which comprises 5Q Jercent engineering
subjects'(the other. 50 pereent is management), and thus has helped to reverse
the, swing of PtUdent demand, froM thesciences. .Also,' it has already been
noted that there.appears to.be a shift in industry's demand, for graduates
towards those With "generalist" rather than ,Hspecialist" :backgrounds,12 such
as those preduced In Industrial' Technology.

974
. . -"Vs' . . . YEAR

1ao .

r -{ECHNCLO

Addi.eldnat Firvincyck.
: :

Source = 14..7

fl1N RCIE

14.16

12.; ee::, "Report of the. Acad mic Planning Committee, 6th ,April 197111;
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Table 14.7: INDUSTRIAL ThCHNOLOGY AND hAliAabliENT -
Additional Financial Costs TVC)

1971/2 1972 1973/4 1974/5
1

197576 1976/7
Student Numbers: Total 96' 130 159 192 222 252

Incremental 0 34 29 33 30 30

g g E .0
a, .9 P

(1) Staft!: Full-Cost TVC 0- -6,9I 18,334 26,931 35,354 40,952
Part-Cost TVC 0 4,534 11,493 16,280 21,273 24,464

(2) Acco tpclation:

Full-Cost TVC 0 0 0 0 0 0

Part-Cost TVC 0 0 0 0 0 0

) InimuSat;

Fall-Cost TVC 0 4,000 7,500 7,500 0 0

Part-Cost TVC 0 4,000 7,500 7,5001 0 0

4 r als:

Full-Cost )
TVCPart-Cost ) 100 200 300 :400 500

AGGREGATE COST - SCHOOL
Accounting Unit (1.e. (1
(2) + (3) + (4))

Full-Cost TVC 0 11 042 26,234 34,731 35,754 41,452

Part-Cost TVC 0 8,634 19,193 24,080 21,673 24,964

AGGREGATE (.2.0ST - UNIVZ;RSITY
Accounting Unit (i.e. (1) +
MS (3) 4. (4) )

Full-Cost PVC 0 11,042 26,234 34,731 35,754 41,452

Part-Cost TVC 0 8,634 19,193 24,080 21,673 24,964



For these reasons, th School hopes to e:recnd cons'iderably th,;

ccainquennium from an inLake in 1970-71 to ono of 75 in 1976-77.
result, total student numbers will increase ever the period from 57 to 252.
In the School it is felt that these figures are on the low side, and shat the
desireability of producing more generalist lIndergraduate strOents will come
Lo be more widely Accepted in the uniVersity. This might well lead to an upward
revision of the planned 75 intake for 1976-77.

Thus we are dealing.with a School at present small, which will
expand considerably over the next few years. Large economies of scale may
therefore be expected.

) F naneial Cost of the Proposal
_

.

Table 14.7 and Figure 14.8 indicate the addit onal annual finaicial
costs of the proposal.

The cost to the University and School accounbinr- units is the same
because no additional accommodation is reqdired during the next quinclucnnium.
However, a large addition to the Schoolls stock of accommodation will take ,

place during the final year of the present quinquennium (1971-72). This will
be discussed below.

Figure 14.8 also shows the difference betw en the full-cost and the
part-coot of the proPosal, i.e..thc difference between the, cost of all L,he addi-
tional resources requested, and the cost of that proportion of the resources
which can be attributed, in the widest sense, to the course concerned. In,
1976-77 the part-cost amounts to 60'percent of the full-cost, implying that'
the balance of 40 percent cannot be attributed bo the output of the courSe.

.) ison with the Present Avera e Cot oar Studort1 3

. .

.
,Table I4,;8:and Figure:14.9. indicate how thp c ost of the.Induatrial,

Technology course is expected to change'as 'Student nuMbers,increase. Based en.
.estimates from the School, the aVerage cost per studentyear.declines, through
the.quinqUonnium,from-£1045'in 1949-70 to £298 in 1976-77 a'reductien'ef-
71 percent. : '. . .

dramatic a fall.warrants further investigation.

There are considerable economies of scale to be obtained by expanding
the Schoolfrom its Present small size. This is implied in'Figure 14.9 by the
fact ,that the line measuring the ineremental cost per,otudent-year lies below
that representing averarre cost.. The former follows its usual erratic courSe,
largely because of the irregular intake of additional resources, but it averages
£198 over the period covered. ,The highpst'valud, in 1971-72, results fram a'
large intake'of additiOnai ccommodation which is sufficient unt11,1974-77.



Table 14.8 : INDUSTRIAL TECHNOLOGY AND MANAGEORUT -
Changes in the Cost of the Course with
an EXpansion of Student Numbers*

Items of xpenditureE

TOTAL COST
Percentage Change
between

2 11969/70

1

1976/77

(2)

i. x 100)%

1. Capital and Maintenance Costs £10,992 £21,576 96%

2. Teaching Costs 15,330 46,929 206%

3. Administrative Expenditure 3,690 5,404 46%

4. Library Expenditure 525 525 0%

5. General EXpenditure 819 819 0%

A. Total Cost £31,356 E75,253 140%

B. Total Student Numbers 30 252 740%,

C. Average Cost per Student-Year
i.e. A + B )

1045 298 -71%

D. Total Variable Cost 0 £43,897

B. Incr ental Student Numbers 0 222

F. Incremental Cost Per Student- 0 198 -
Year (.e. D + B )

* Source: Appendix 3, Table 7
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Figure l4.1Q(b): eubtracting the cost of additional ancilliary staff
reduces the School annual additional and incremental cost by 16 percent.

The ancilllary staff required amount to two techniciare and one admini-
strative officer. The additional laboratory area ef 1607 squeee feet nerits little
more than one extra technician., if the ratio of one technician to 1600 square feet
of laboratory area is applied,14 but the rapid expansion of the echool prouably
merits the extra staff member.

The adninietrative officer takes over the work which otherwise would be
carried out by academic staff. His appointment is in lieu of that of another aca-
demic staff member.

Figure 14.10(c): progressively worsening the marginal staff:student ratio
from 1:10 to 1:25 leads to savings in the School's annual additional and incremental
costs of up to 44 percent. As a rough approximation, the average staff:student ratio
will fall from the present 1:6 to 1:13 by 1976-77 with a marginal ratio of 1:25.
Since the increase in contact hours in Industrial Technology is likely to increase at
a rate less thee 14.9 rata with student numbers, there is justification for some reduc-
tion in the ratio.-L7 Cnce again, this seems to be the souree of the gloatest potential
economies.

llgeme_14111: this figure illustrates the problem of the utilisation of
additional accommodation associated with expanding student numbers. Accoieeodation
tends to come in large discrete "lumps", whereas student nuMbers increase more slowl
In a series of smeTler jumps. In thle example, the extra accommodation is a converted
mill butlding which will be shared equally with the School of Material Science and
Technology.

Line A shows that the cost of additional accommodation allocated to Indus-
trial Technology has a large step jump in 1971-72 as a result of the large expansion
of the School's accommodation at the beginning of that year. This line can be looked
upon as forming a constraint on the upward expansion of student numbers, which is shown
by the line B. If we make the most optimistic assumptions about the utilisation of
accommodation, namely that

) the current 57 students constitute the maximum capaeity of the presett
(1970-71) accommodation, so that the lines A and B have the same start-
ing point in 1971-72; and that

) the 252 students in 1976-77 will fill the additional accommodation,
that the two lines will again coincide;

then the line B can be interpolated between the two points of contact with line A in
1971-72 and 1976-77 with the actual step increases in student numbers in each year.
The area of diagonal shading between the two lines gives a rough approximation of the
excess capacity of the additional accommodation, as compared with the total additional
accommodation which covers the vertical distinace between line A and the horizontal
axis,

SO

14,19
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The probl.el4av is ho,1 sUch transitory excess capacity in accommodation
can be.usedi or put in another way, how the excess can be avoided In the first..
place. This question is discUssed In Chapter 11, Seetion. 2.'

e INDosl NIA^.
ronNpci:
SE ude-n. Not

,

Ion ck

TOTAL G-TubCia-41-

73/4
yana5

. t
: .
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(1)' As expect6a; eCenomies'of scale are more mariced with the.e4oan-:
loh.of a small 6choolthan:.with a well-established scheol (71% decline Ln

avei-age cost



(ii) In the case of Industrial Technology, the exceptional expansion or
stulent nuMbers (by 740%) is an Important factor. These can be accommodated 141th
only a 140 percent increase In the School's total coot.

(iiA). Reducing the staffzetudent ratio offers the greatest potential
for further economies up to 44% vith a marginal ratio of 1:25).



(E) Mathematical Sciences

The Undergraduate School of Mathematical S ienc
established school, running undergraduate courses of
ing a considerable amount of service teaching to other
costing the School's expansion it is assumed that its
commitment remains unchanged.

s is a well-
s own and supply-
schools. In
rvice teaching

At present the School produces three degrees, Viz a B.T ch.
Honours in Mathematics; a B.Tech. Honours in Statistics; and a B.Sc.
Ordinary in Mathematics and StaUstics. This is done by means of a
modular course structure; that:is, by using blocks of individual teaching
courses, which are combined IrLdifferent ways to produce the three degree
courses. All students have a common first year.

Eboca`,sEI
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.
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7q7

LH: -;.=

0. .14.12.(b). U.N.Mgsrry

Li 'TA --'

Ti CAL SCIENES



Table 14.9 MATHEMATICAL SCIENCES: Additional Financial
Costs (TVC)

Student Numbers: Total
Incremental

1971 1972 1973 4 1974/5 1975/6 1976/7

166
0

187
21

225
38

247
22

264
17

274
10

(1) Staff:
1

Full-Cost TVC 0 12,677 22,555 35,677 38,476 42,756
Part-Cost TVC 0 6,840 12,085 18,811 20,406 22,461

2 A___Lcamodation:

Full-Cost TVC 0 1,800 3 975 4'837 5,062 5,287
Part-Cost TVC 0 1,086 2,201 20650 2,779 2,887

(3) BOW-lament:

Full-Cost TVC 0 1,430 1,540 1,540 1,540 1,540
Part-Cost TVC 0 943. 1,016 1,016 1,016 1,016

(4) Materials:

Full-Cost) TVC
Part-Cost)

0 300 1,275 1,500 1,575 1,650

AGGREGATE COST-SCHOOL
Accounting Unit i.e. (1) +

(2) + (3) 4' (4))

Full-Cost TVC 0 16,207 29,345 43,554 46,6531 51,233
Part-Coat TVC 0 9,169 16,577 23,977 25,776 28,014

AGGREGATE COST- UNIVERSITY
Accounting Unit (i.e. (1) 4'

)(3) + (4))

Full-Cost TVC 0 14,407 25,370 38,717 41,591 45,946
Part-Cost TVC 0 8,083 140376 21,327 22,997 25,127



It is proposed to extend this modular system by adding to the
computin clement and introducing an econamics option. In'thie way the com-
elen first yeer will beeelainteiee0 and three new degree coursee will he intro-
duced, via e D.rech. ::eeours in Computini-sp.a B.Tech.nonoure in Mathematics
and.conomics, and a B.Sc. Honourn in Mathematical Sciences. The
modular system thus allows a variety of Coursee to be run comparatively
cheaply even though the estudent numbers on any one of the courses may
be insufficient to be economical.

This costing concerns the expansion of this modular system. At
present it is not known what student demand will be for the new com-
puting option, and how this demand will affect the resources required
by the computing centre. We assume that the extra resources requested
by the School includes the necessary resources to teach the computing
option (e.g. computer terminal, academic etaff based on the 1:10 staff:
student ratio). In this way it is possible to cost an overall expan-
sion in the first year intake of the School from 45 in 1970-71 to 90 in
1976-77, regardless of the breakdown of numbers between the six degree
courses.

(i) Financial_Coots of the Proposal

Table 14.9 and Figure 14.12 indicate the additions./ financial cost
(TVC) of the proposal to the School and University accounting units.

The University accounting unit is the more important because it
shows the additional cash outlays to be incurred by the university as a
result of the implementation of the expansion proposal. The cost to the
School accounting unit is higher because the additional accommodation
required by the proposal, which will be found within existing buildings,
involves the School of Mathematical Sciences assuming a greater share of
the annual cost of these buildings.

Figure 14.12 also shows the difference between the "full-cost",
i.e. the whole cost of each additional resource required by the expansion
proposal, and the "part-cost", i.e. the proportion of the cost of each
resource which can be attributed to time spent an the couraes in question.
The part-cost amounts to only 54 percent of the full-cost for the
university in 1976/77, the balance being attributable to other School
outputs.

(ii) Gomparison with the_Present Average Costs per Student16

Table 14.10 and Figure 14.13 show how the costa per student-year
in Mathematical Sciences is expected to change as student numbers increase.
Based upon estimates from the School, the average cost per student-year
should decline from £541 in 1969/70 to £386 in 1976/77, a fall of 29 percent.

16
See: Appendix 2, Tables 11 and 12. The relevant figures fram these
tables have been aggregated to give the total cost of the former
Undergraduate School of Mathematics.
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Table 14.10 MI. 1tkTICAL scrumgp - Changes in the
Cost of the Course with an Expansion

of Student Numbers*

Items of Expenditure

TOTAL COST
Percentage Change

between (1) and (2)

1969/70 1976/77 i.e. (3x 100)%
1

) (2 ) (

1. Capital & Maintenance Costs £28,408 £32,195 13%

2. Teaching Costs 25,800 50,393 95%

3. Administrative Expenditure 15,194 15,783 4%

4. Library Expenditure 2,340 2,340 0%

5. General Expenditures 5,070 5,070 0%

A. Total Cost 76,812 105,781 38%

B. Total Student Numbers 142 274 93%

C. Average Cost per
Student-Year (i.e.A B) 541 386 -29%

D. Total Variable Cost 0 28,969 -

E. Incremental Student Numbers 0 132

F. Incremental Cost per
Student-Year (i.e.D + E) 0 219

*Source Appendix 3 Table 10.
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This is a considerable eVenomy of scale when the number of degree
poursee offered is being doubled, a situation permitted to a larg0
extent by the use of the modular.course structure.

Tollowing the usual relationship between average and ihcre-
.mental (marginal) functions, thefincremental cost per student-year is
A good (1004 lower than the downward-sloping average cost functions.
Over the period 1969/70 to 1976/77, it averages £219 per student-year.

Overall t is at Lated -that sercent increase in student
numberecan:_beaccommodated_with A otal cosIs.ercent increase in

(iii) The Sensitivity_of Costwito Various Economies

Figure 14414 shows the results of four sensitivity tests on,
..pws tota Stoat and theiincremental cost per student-year.
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FAgure 14.14(a): removing the accommodation element reduces the
cost of the proposal by 10 percent.

Figure 14.14(b): removing the equipment cost reduces the cost
by 3 pc cent.

F1gure_14.14(c): removing the materials element reduces the cost
by 6 percent.

=pre 14.14(d): progressively worsening the marginal staff:
student ratio to 1:25 leads to savings of up to 51 percent. This is
hardly surprising when additional staff costs amount to 78 percent of the
total cost, but once again it seems that the staff:student ratio offers the
greatest scope for effecting economies. As a rough approximation, the
average staff:student ratio would fa31 from the present 1:10 to 1:14 by
1976/77 with a marginal ratio of 1:25.

Summary

(i) The School of Mathematical Sciences can expand with consider-
able economies of scale. A 93 percent increase in student numbers can be
accommodated with a 38 percent increase in the total cost.

(ii) This economy of scale can be achieved with a doubling of the
number of degree courses offered to six. The modular course structure
explains the unusual juxtaposition of these two facts.

(iii) A worsening of the marginal staff:student ratio appears to
offer the greatest scope for savings (up to 51% with a marginal ratio of
1:25).

Wider Annlicability of ModulasCourse Structure

The modular course structure, which in the School of Nathematical
Sciences has succeeded in combining variety of degree courses with
economy, when student numbers on each course have only been at modest
levels, might be applied to other undergraduate schools in the Board of
Physical Sciences at the University of Bradford. Here there are a number
of schools where economies of scale will be hard to achieve because they
are

(a) comparatively small, and
(b) they are not planned to expand'greatly during the

. forthcoming quinquennium.

These are shown in Table 14.11 with present student numbers and
those planned fer the end of the next quinquennium.

14.25
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The best hope for achieving economies of scale in such Schools
probably lies in introducing common courses where this is feasible. In
notes to the Academic Planning Committee, at least two of the Schools In
Table 14.11 - Colour Chemistry and Materials Science - have stated
that joint courses offer one avenue towards reducing cost per student.

Table 14.11 PHYSICAL scmcgq - Schools with
less than 100 students in 1970/71*

School

Student NuMbers

Intake

-,.

Planned
Intake

Total
Planned
total

1970/71 1976/77 1970/71 1976/77

Applied Physics 26 33 76 115

Colour Chemistry 21 30 85 97

Materials Soience 23 30 74 97

OpthaImic Optics 23 25 57 72

Textile Technology 19 25 73 89

*-Source: 11B4port of the Academic Planning Committee to the General
Committee of Senate, 26th April, 1971", page 11.

Common courses in the first year of the'undergraduate engineering
courses. (e.g. Mathematics) would probably be possible, as rIlready occurs in
most other universities, but the Schools concerned have so far resisted

such changes.

The possibility of a common first year in the Life Sciences has also

been discussed.

14.26
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(F) Pharmaev

The Undergraduate School of Pharmacy is a well established school
which rums one of the largest Pharmacy degree courses in the United Kingdom.
The School has a good demand from students, and hopes to expand the intake
from 90 in 1970/1 to 120 by 1976/7, thus maintaining, if not actually increas-
ing, it's proportion of the projected annual number of graduates required by
Industry.

Until recently, the course was of three years duration with no
sandwich period in industry, but this year (1970/1) an alternative sandwich
course is being offered. This is a four year course with two six month
periods in the second and third years spent in industry. Students will be-
come members of the Pharmaceutical Association immediately upon graduation,
while the students on the three year course will have to complete the normal
year of 'postgraduate apprenticeship before achieving membership.

The student number projections used in this costing are based upon
the assumption of a gradual increase in the popularity of the sandwich course
compared with the three year course, which as a result will take an increas-
ing proportion of the total intake.

(i) Financial Cost of the Proposal

Table 14.12 and Figure 14.15 indicate the additional financial cost
(TVC) of the proposal to the School and University accounting units.

1
'20

110

AWLT7r.Px7;1"
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Table 14.12 PHARMACY - Additional Financial Costs (TVG)

1971/2 1972/3 11973/4 1974/5 ]1975/6 ! 1976/7

Student Numbers Total 266 280 j

Incremental 0 1 14

(1) Staff: Full-Cost TVC 0

Part-Cost TVC 0

(2) Accommodation:

Full-Cost TVG 0

Part-Cost TVC 0

(3) BeuPmnt:
Fu21-Cost TVC 0

Part-Cost TVC j 0

4 Materials:

Full-Cost) TVC 0
Part-Cost)

AGGREGATE COST - UNIVERSITKi
Ancounting Unit (i.e.(1)4-

' (3) 4- (4))

Full-Cost TVC

E

2,799

1,595 j

105

60

442
442 1

559 j

,

AGGRMATE COST - SCHOOL !
;

Acco unting Unit (-j.-07.Z.1)-1- ;

,

2(2) + (3) + C4))
1

1

Full,00St TVO I 0 3,905 i 9,984 13,735 17,717 23,488 ;

1
i

Part-Cost TVG ; 0 I 2,656 6,455 8,957 11,691 15,182

0 i 3,800 [

1

Part-Cost WC 0 20596

310 329 1 365 377

30 19 36 12

-1
E E E E

7,079 9,878 12,677 16,957

3,649 5,244 6,840 8,894

210 3151 420 525

111 171 231 282

1,190 1,564 2,040; 2,652

1,190 1,564 2,040 : 2,652

1,505 1,978 2,580; 3,354

., .,.

9,774 13,420 t 17,297 22,963

6,344 8,786 ,11,460 14,900



The cost to the School accounting unit is slightly higher because of
the extra staff offices required which will be found within existing buildings.
However, the cost tothe University is probably more important because it
shows the additional actual outlays to be incurred if the proposal is Imple-
mented. Since the additional accommodation required will be found internally
this does not constitute an extra cost to the university.

Figure 14.15 also LAOWs the difference between the full-cost i.e. the
entire cost of the additional resources required by the proposal, and the part-
cost, i.e. the proportion of the cost of each additional resource which can be
attributed to time spent on the course in question. In Pharmacy the part-cost
amounts to 65 percent of the full-cost for the University accounting unit,
implying that the balance can be attributed to outputs other than those of the
course .g. postgraduate work and personal research of staff).

(1
.17Comparison with the Present Average Costs per Student

, 7411F

PHcwriicY A iletiet ej rxel_i Inc01e,
,

orjb,-5.cpe SL:uAenC--- fqe,

I-104:;r3 :TcLble..

17. 8ee Appendix 2, Table 7.
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Table 14.13 PROIMACY - Changes in the Cost of the Course
of Student Numbers.*with an Expansion

Items of E7penditure

Tetal Cost _ Percentage change
I;.:tween (1) and (2)

1969/70 ;1976/17
100)%

(1) (2) (3)

1. Capital & Maintenance Costs ! £110,878 tg111,4781 1%

2. Teaching Costs 99,611 1130026!

3. AdministratiVe Expenditure 23,230 i 2.30,230 0%

4. Library Expenditure 7,590 70590 0%

5. General Expenditure 8,970 ! 80970: 0%

A. Total Cost

B. Total Student Numbers

C. Average Cost per Student-
Year (i.e.(A).(B))

250,279 264,294'

230 3'77

1,088 701;

6%

64%

-36%

, D. Total Variable Cost

E. Incremental Student Numbers

F. Incremental Cost per Student-
Year (1.e.(D).(E))

O 14,015

O 147

O 951

* Source; Appendix 3, Table 1 .
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Table 14.13 and Figure 14.16 show h w the costs per student-year
in Pharmacy are expected to ehange as student numbers increase. Based
upon estimates from the School, average cost per student-year should
decline through the quinquennium from £1088 in 1969/70 to £701 In 1976/77,
a fall of36 percent. Large economies of scale are thus in evidence, a
result of the conelderable exceos capacity, darticularly in laboro.torles,
present in the School.

Relatively few additional resources are required, as indicated
by the incremental cost per student-year curve. The irregularity of this
curve is largv a result of variations in the rate of increase of
student numbers each year relative to a fairly constant rate of increase
of total cost. Over the period in question, however, the incremental
cost per student-year averages £95.

girssan_lt Increase in _student_ numbers can be
accommodated with a 6 ercent increase in total cost.

Sensitivit of Costs to Various _Economies

Figure 1407 shows the results of three cost sensitivity tests.

ElgemeILLELLII: subtracting the cost of academic staff and
their staff offices reduces the cost of the proposal by 69 percent. Only
five additional staff members aro required, which, with the 111 extra
students, gives a very law marginal staff:student ratio of 1.22.-

Apart from the staff offices, no-other additional accommodation
is required. There is ample excess capacity, espocially in laboratories
and related facilities 18 to accommodate the expected expansion in
student-numbers.

ZiggRa_I4,121.121: subtracting the equipment element of the
proposal reduces the cost by 7 percent. The equipment required will be
replacement items; no new heavy pieces of equipment are envisaged since
existing laboratories are well stocked with these and no new laboratories
will be required. A$ with the other proposals, it is assumed that there
will be no major advances in instrumentation during the quinquennium under
r3view.

Eigure_14.17(c): subtracting the materials element reduces the
cost of the proposal by 24 percent. -The amount of additional materials
required lo extrapolated forward on the current per student allocation,
this being related to laboratory work.

Summary

(i) The School of Pharmacy can expand with considerable economles
of scale. A 64 percent increase in student numbers can be accommodated
with only a 6 percent increase in the total coot of the course.

(ii) This degree of economy is facilitated by (a) the more intensive
use of existing capacity, especially laboratory facilities (including
technicians and equipment), and (b) the very low marginal staff:student ratio.

(iii ) Because additional academic staff and their associated staff
offices form the bulk of the coot of the proposal (69 percent), this area
would seem to offer the greatest potential for further economies.

18.-The technical staff cost per student-year is higher in Pharmacy than
in any other school. See: Chapter 12, Table 12.4
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) Suniarsionmans
The results of the above costings should be regarded with some

caution for two reasons. Firstly, the cost figures are produced on the
basis of future estimates of what resource requirements are likely to be.
These estimates assume (a) the continuation of present levels of resource
allocation (making allowance, of course, for the underutilisation of
existing accommodation and equipment), and (b) that no major changes will
occur in the course, including the large-scale replacement of equipment
brought about by-advances in technology.

Secondly, owing to the timing of planning within the University of
Bradford, only six expansion proposals have been coated to date, and so
tho results may not be representative of n11 proposals. Nevertheless, the
proposals cover schools in three out of the present four Boards of Studios.
Only the Board of Social Sciences is unrepresented, but results here are
not likely to differ much from those of the other Boards. The six proposals
cover 1,101 undergraduate students out of the total of 2,861 in the
University in 1969/70.

.These particular proposal's were chosen, partly because all
involved at:least sizeable expahsions of student numbers on airea4y
exiiting couroes, and partly because the schools concerned mord readily
co-!op( -1:bed. The now and hybrid courses proposed, the costing of which
.should ,!.ove more difficult, wil2-be examined later.

Bearing those factors in mind the major conclusions may be
presentocUas follows.

i) Eoonomies f Scale

_Table 14.14 and Figure 14.18 show that the average cost per
.student;.year falls markedly for all six proposals between 1969/70 and
1976/77. -This is im_ortant because it ,is baSed u on the additional
resourcesHwhich rofessors themselves _sa- the will heed and embodies
:he deliberate_attem t to find ecenom'es. TheYeconamies of scale arise
through the-fuller utilisation of existing capacity.

The fall in average cost varies from 15 P ercent for Chemical
Engineering to 71 percent for Industrial Technology and Management.
However, the averaggLs.:LAI_Rer_student-vear. wedghted hy_student numbers

Overall, an increase of 66,percent in the total student numbers
engaged on the six courses can be accommodated:with an increase in total
cost of on]4r 14 percent. However, the assumption that central expenses
will remain constant during the expansion of-student numbers on one proposal
will probab ly,not be valid when several proposals are considered together.
It is likely that the expansion of student numbers involved on the six

. proposals will be sufficiently large to require additional central
facilities. This would result in an increase in total cost of more than
the figure, of 14 percent, though probably not significantly more.

14.30
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There is a very good positive correlation (r = (1,9524) between the
rate of fall of average cost per student-year between 1969/10 and 1976/77
for each proposal and the rate ef increase in total student numbera
involved over the same period. It implieb that the greater the,rate of
increase in student numbera on any partibular course, the greater will be
the rate of in the average Coat. However, this result must be regarded
with caution as it is baded on only six pairs of readings.

ii) Excess capacity

The'reductions in .average bost reault from the .low incremental
coats per student-year, i.e. the lowadditional cost per additional.student-
year. This varies cOnsiderably between proposalsr from zero for Electrical
Engineering to. £385 for Applied Biology, but averages £173 for all six
proposals (average Weighted by student numbers

The incremental cost broadly reflects the current degree of
excess capacity of spe,dalised resources available within the school con-
cerned. Although all six can expand with considerably less than pro rata
increases in cost because of this excess capacity, some schools are in a
more favourable position than others to achieve low cost expansion. The
reason is a mixture of past university resource allocation ' -cisions, the
nature of the course which influences it's demand for resoues (especially
laboratory facilities), and other factors, which have left some schools
with much excess capacity and others with relatively little.

Thus Pharmacy and Chemical Engineering are In a comparatively
favourable position, as shown by their low incremental costs of £95 and £58
respectively. In contrast, Applied Biology is reaching maximum capacity in
present laboratory facilities and therefore will be relatively expensive to
expand (IC = £385). On the other hand, Electrical Engineering will be able
to expand with no additional cost because student enrolments have dropped
short of capacity in recent years (IC = £0).

Past events evidently have an important influence on the cost of
proposals In Applied Biology, it is felt that the Schoolls past eemands
for resources have been modest and that it should not now be penalised when
there is a real need for extra resources for expansion.

14.31



lit) Sensit _Tests
It has already been toted that eensiderable'economies of scale

can be obtained withoutdeliberate attemptaat ecotemy. If _further
economies are to be.made, then the-greatest-potential lies in reducing
academic staff requirements, since they form the ba11t- of the cost of most
proposals.

Figure 14.19 shows a 'summary of the results of sensitivity
tests on the academic staff element in the incremental cost of the proposals.
For the three proposals in FigUre 14.19(a) the marginal staff:student
ratio is redueed fram the proposal of around 1:10 to 1:15 and 125.
The two remaining cases are shown in Figure 14.19(b), where the faw add-
itional staff required, which lead to very low marginal ratios, are
removed altogetl-er. In Ueth cases considerable proportional savings are
effected.

Should the savings load to'a'decline in the quality, ir nat-
the quantity, of the output of student-years, then the savings may-be
false ones. However, Chapters 4 and 5 present a method for progressively
nworseningu the staff:stUdent ratio associated with a particular course
as student numbers on it increase. This economy can be achieved without
reducing the quantity or quality of the teaching received by students and
without increasing the teaching load of staff.

14.32

247



11111 1111111111111111111

1111 EN II
11

EM1111III
11 IllI

1

;"-

L PlinkfRfic

. -I-
OVtr19

isorfi pas

mfflll!

I
mom
mullmiotat

1111111111111 m

NM 1IIIII11II'1

I ME 1E1..1111 II EMI

IMMO 11111100111111 EOM
IilH ZEE I

11111 1I11IIIH1I1l11hI

so- iji e. bes 5



PART 7

1_101TAS AT THE

UNIVERSITY LEVEL

248



CWTER 15

IlIERSITY PLANNING MODELS

This chapter iatroduces the models of Bradford University described in
Chapter 16, and the results they produce presented. in Chapter 17. It consists of
two parts. The first deals with general problems'Of economic model building and
testing. The second considers the common structure and particular problems of
models of educational institutes. The reason for starting with general problems
is to explain the difficulties involved in appraising models of educational insti-
tutes. When adverse criticism is levelled against a model it is likely to take the
form "the model is wrong:"; but it is our contention that normally the criticism
should be "it is the wrong modelLu

ECONOMIC MODELS

Introduction

The word "model" is used in many ways by both natural and social scientists.
Several writers have waded ttrgugh this plurality of usage in an attempt to reform
the word to a single meaning''42-2. Since they have so far failed to persuade scien-
tists to adopt one of these particular meanings we must explain the usage of the word
"model" in this text. It is used as a synonym for "theory", and this usage is slightly
restricted after the paragraphs dealing with the testing of models. This usage ignores
the word's association with "ideal", as in "model husband", and with "simulacrum", as
in "model ship".

The Use of M thematics

If a theory is to be of a non-trivial nature some of its statementemust
be derived from others by the use of logic or mathematics. If there exists for a
theory a set of statements from which-all-the othera can be derived, anelthis set
contains nci sUperfluons meMbersi it is'en: led the set of axioms of the theory. The
useof. the phrase "mathematicaLmodel" is frequently encountered when eerie of the
statements of.a theoryare:derived by mathematics or are quantified. This is mis-
leading unless . it is realised that it is not the mathematics which constitutes the
model.

This can be illustrated by the follcMing simple example, typical of what is
to follow, of a system having two axioms:

1. Brodbeck, Mop "Models, Meanings and Theories", in "Symposium on Sociological
Theory", Editor Gross, L., Haper & Row, 1959.

2: Suppes, P., "The Meaning and Use or Models", in "The Concept and Role of Models
Edited Reidel, D., Dordrecht, 1961.

3. Black, M., "Models and Metaphors", Ithaca, 1962.



1hi =

h2

g2

from which can be derived by addition:

1 1

gi g2J

( )

ouel of this system of three formulae is given by substituting:

h
3

for the number of classroom hours required to give a lecture

h2 for thu number of classro m hours required to give a tutorial

gi for the maximum group size permitted for each lecture

g2 for the maximum group size permitted for each tutorial

s for the number of students to receive lectures and tutorials

1 for the length of a lecture in hours
1

1
2
for the length of a tutorial in hours.

Equations (1), (2) and (3), together with the model, form a simple theory whose full
statement, in any other form, would be extremely tedious.

llatial_a11210.

The "classroom hours" theory above differs in an important respect from
those of the natural sciences* For the majority of natural science theories there
is no great problem as to what constitutes a test. Indeed, since it is very common
for the motive of the natural scientist to be the desire to explain some phenomenon,

. his theories do not become known unless they-are capable of passing the rudimentary
test of at least offering some explanation. But the motive of the social scientist
is more often the desire'to solve some social problem. Unfortunately tho ability or
a theory to offer a solution to a social problem is no test for it. Were it other-
wise the activities of the newspaper letter-writing theorists would have wroueht
Utopia long ago.

The desire to explain some phenomenon by meens of the "classroom hours"
theory is not very strong. In this case an explanation is probably redundant. The
use of the words "classioom-hour", "leCture", "group size", etc. implies all the
explanation required. The cssential characteristic of such theories is that they
offer some possibility of being used to control the phenomena whose model is encor-

15.2

251



porated in them. It follnws from this that objective prediction is not to be expec-
ted of them; no more than one would expect an accelerator pedal to predict the speed
of a car. Thais there is only one test. An attempt to control thc phenomenon aided
by the theory. If this fails, the theory must be rejected or modified. Since tests
of this kind can be both difficult and expensive, some method of decidin6 whether or
not to go ahead with one is needed. In the rest of this text, the word "model" des-
cribes theories of this type and the word "system" describes the phenomenon whose
control is desired.

Consistency

.0bViously a model which contains mathematical or logi al faults isnot
worth trying out. It can I.Lie rejected-out of hand, or at least sent back for Correc-
tion.

Relevance

The models must offer the possibility of controlling those facets of the
systems which are of interest. If it is desired to control student numbers, cost
and student failure rate in a university, a model offering the possibility or con-
trolling only the first two and, either ignoring failure rates, or determining thet,
by student numbers and cost, is less satisfactory than a model offering the possibi-
lity of controlling all three factors. Of course desire alone is not a sufficient
condition for ensuring possibility.

Plausibility of Axiom

Since the validity of the deductions from the axioms, or non-deduced state,-
ments, can be easily verified, the main brunt of critical examination must fall on
the axioms. For example, the axioms of the "classroom hours" model above can be
criticised on several grounds:

s/g may take only integer values.

(b) If a single lecture or tutorial lasts more than
one or two hours, some break should be allowed.

Some provision should be made for the time taken
.for lecturers and students to_move from one class,-
room to another.

Approximation

Approximations used in a model,may. not be satisfactory over the.full range
of variations of which the model is technically capable of being used. For'eXample,
the approximation that academic staff salary scales remain constant while the staff:

15.3
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student ratio varies betWeen. 9 and 12:might be quite'reasonable but the approximation
would be suspect if the ratio varied between-5 and 50. Another form of approximation
which should be carefully, looked for, takes .the form of omissions. It. is most unlikely
..that.any model Of an.educational institute or Systemeonld incorporate all the_deter-
-minates of adadomic staff salary scales, building costs or other Important factors.

'Crucial_Tests

has beep said abeve, the onlY test for these models is a test by trial.
But these ere not crucial tests. There is no way of determining the.extent to which
a successful or unSuccessful result should be attributed to the use of the model
rather than to any.ether factor. The foundation of our judgment remains insecure.

MODELS OF EDUCATIONAL INSTITUTES

Introduction

The common characteristic of modoi s of educational institutes' s their
concern with the allocation of resources. '11he modelS are varieusly tagged:. cost
model, resource allocationtlodel, planning model, simulation model, etc.

The:baSic form of these models is that
showing how the."inputs" .(educational resources)
yield the "outputs" graduates, students, etc.).
sets of relations

who..

f(x,b) = 0

f a simple, open inputoutput model
10 the institute can be combined to
Thus.the form of the models implies

x is a set of,input variables, and b is a set of output variables.

(4)

To this basie form some author24,5 have grafted an optimizing feature.
This consists of a function of either the inputs or outputs or bothi which yields
some scalar measure of the performance of the institute. This may be expressed as

Max f(b) or Nin f(x)

ubject to g O.

(5)

4. Fox, K. A., McCamley, F. P., Plesener,-Y., "Formulation of Management Science
Models for Selected Problems of College Administration", U. S. Department of
Health, Education and Welfare, 1967.
Rasmussen, H. J9, "On Decentralised Planning in a University System", The
TechnicaLUniversity of Denmark, 1970.:
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Zatic

A useful subdivision of models with the basic form (4 ), above, can be made.
Those that have "time" as an explicit variable are called.dynamic, and the others are
cnaled

Static models are usually built to answer such qusstions as:

What will be the annual cost of rUnning an institute of some pocif±ed size .

and character?6

(b) How should the available space and staff effort be deployed between th
various functions of aninstitute?7

) What is the requirement fo
specified size and charact

certain resources of an institute of same
r?8

(d) How many students can be taught in an institute of some particular size?

The type of problems which have stimulated the development of dynamic models
do not differ greatly from those which have load to the construction of statis models.
In general there is no explicit concern with the nature of the process by which some
desired final state is reached. Interest is focussed on the final state of the
institute. It could be argued that this is rash; that there is no final state; that
the educational institutes will be forever in a state of flux. This argument, however,
may be countered by the assertion that any "point" on the "path" between two state:-
is itself a state, and can hence be judged by the same criteria used for the judgment
of the final state.

lb= dynamic m _elS can be conceived of as being linked static models, pro-
ducing one set of-reports fel- each of several time intervals(usually the academic
year ). They can be represented by the follawing equations:

ft(xi00. bt) =

gt(xt+1, bt+P
=

(6)

6. Magnussen, 0. A., "J1 Model for the Estimation of Current Costs at an Institution
of Higher Learning", 0.E.C.D0 Conference on University Planni.,1g, Paris, 21.1V.69.
Legg, K., "Note on the Extonsian of Work on an Analytical Approach to University
Staff and. Facilities Planning", 0.E.C.D./C.E,R.I. Conference on Institutional
Management in Higher Education, Paris 27.XI.69.
Judy, R. W., Levine, J. B., "A New Tool for Educational Administrators.
Educational.Efficiency Through Simulation Analysis", University of Toronto
Press, 1966.
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Level of Detail

The importance of dynamic models lies in their usefulness for planning.
The five-year planning period of the British universities'has Caused the model
presented in Chapter 5 to be bait, whilst the need to give budget requirements
in advance to State and Provincial legislatures is one of the main reasons for
the construction of the American and Canadian models9

Although the need to have some forecast of future financial requirements
and the ability to justify the forecast, is of great weight, it is not the sole
rouser for (lesiring a glimpse of the future. Particularly in large institutes the
task or co-ordinating a host of minor departmental plans becomes extremely difficult.
For it is at the departmental level that the majority of proposals for changus in
courses, the addition of new courses and research projects are instigated. It is for
this reason that in both models presented in this work the "course" or individual
research project is used as the basic element, rather than aggregations of statisti-
cally similar courses and projects. This does not imply that models which do not
descend to this level of detail are uselese. The reconciliation of departmental
plans, as suggested above, is not the only concern of institutional administrators.

Decision Models

The models mentioned above have all been constructed for the use of adminis-
trative officers in conjunction with the appropriate university committees, or govern-
ment agencies; for it is these people whose concern is for thc institutes as wholes.
The models are designed to facilitate and improve their ability to make decisions.
They are constructed in such a way that the effects of certain hypothetical decisions
can be calculated. This is done by incorporating a certain class of variables called
decision variables. 11.eiples of these are staff:student ratios, maximum number of
students to be aamitted into any one lecture, and the proportion of academic staff
holding the ranlc of professor. Values are assigned to these variables by the user
of the model, to discover the effects of changing particular values on the values of
other variables which are functionally related to them. Decision variables are the
independent variables of normal mathematical parlance, and the "functionally related
variables" are the dependent variables. For example, let:

xl
the number of academic staff

x2 the average salary

= the institute's academic salary expenditure.

.9. Judy, op ex
10. Scarborough, C. Ur., Daniel, J. W., "Management Use of Simulation in Long-Range

Planning for Colleges and Univex.aities", Peat, Marwick, Livingstone & Co., 1968.
11. Koenig, H. R., Keeney, M. G., Zemach, R., "A Systems Model for Management,

Planning, and Resource Allocation in Institutes of Higher Education", Michigan
State Universib, 1968.
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Then

= f(7'1, X2 X1 X2

Here xl and x2 are independent variables and y is a.dependent variable. Whether a
variable Is classed as dependent or independent depends on its use, not on any inher-
ent characteristic. The above equation could be recast as

xi = g(x2, y) = y/x2

where x, is the dependent variab:e and x2 and y the independent variable.

Another classification of Variable used in these models is into endogenous
exogenous variables. This, again, is net based upon inherent characteristics of the
variable. Exogenous variables take on values which are determined by the environment
in which the systen being rodelled is situated; the values of endoge.:ous variables
are determined within the system. Since the two models presented in Chapter 16 are
intended to be useful both to university administrators and to central agencles we
have not made use of this distinction. The distinction is relevant, however, to
mcdels designed for only one type of us er12,136.

Re3 Lionships Betwecm Variables

All attempts te forecast human behaviour are fraught with difficulty, prone
te egregious error, or so banal as to only interest mystics. If a relationship bet-
ween several variables is postulated and found reasonable in a particular institute
at a particular time, it is only by an act of faith that this relationship can be
consideed likely to hold over a period of time or when the values of the variables
suffer a change of any sizeable extent. Nevertheless all who attempt to construct
models of educational instituts, and similar systems, are committed te U50 such
relationships.

With static models there is no alternative to incorporating the best rela-
tionship that can be discovered and viewing with caution forecasts which apply to an
institute separated by time or value of "variables" from the one on which the model
was based.

With dynamic models it is possible to assume that the relationship between
variables change with time; it is thus possible to talk of "dynamic" relationships.
Using-equation (Waboves

f f
t gt-Pn

where n is a positive or.negative integer.

12. Judy:op cit
13. Scarborough, op cit
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However, these "dynamic" relationships are grounded in present knowledge.
"Dynamic" relationships change with time in a predetermined manner, and should thus
be treated with the same caution as those:used in static modele.

Si e of Models and the Uso of Computers

As expected, the use of computers to handle the calculations of a model is
correlated with the size of the modela. The small static models of Magnusson and
Legg do not make use of computers, whereas the larger models of Judy, Peat, Marwicke
Livingstone & Co., and Koenig would be impossible to operate manually. These last
three models are dependent on computers not leerely for their calculations, but also
for the supply of information on which the calculations are based. This information
is drawn'from what is commonly called a "data base". This consists of the computeri-
sed records of the institute's administrative offices organised in a management
information system. Since the University of Bradford's records are not yet computeri-
sed, thu models presented in Chapter 16 require only information which is readily
availalae from other sources, mainly the clerical records_of the university. Further-
more, when a model must be incorporated in a management information system, it
will be extremely costly, In comparison to other models, to build and test.

Transferability of Models

On starting work on this projec 6. the possibility of adopting an existing
model of some other institute to the needs of the University of Bradford was consider-
ed. It proved impossible to find a suitable onc. The European models offered little
more than an idea -- a scheme for collecting data. The North American models, on
the other hand, seemed to effer too much. Page after page of detailed specifications,
Fortran coding and flow charts. As was mentioned in the preceding paragraph, the need
of a data base made it Impossible easily to adapt a model such as Judy's C.A.M.P.U.S.
to help with Bradford's planning process.

However, there seems to be no fundamental objection to transferring at
least the sPeleton of a model from one institute to another. It is, of course, only
when the model is computerised that any saving in time or money can bu achieved by
adapting an existing model rather than by building an original one.

Although it would be rash to attempt to seL, down the conditions under which
a model could be suceessfully transferred from one institute to another, it seems
safe to say that unless both the level of detail required, and the nature of the
possible decisions are the same in the two institutes, there will be little hope of
success. Obviously a model such as that of Oliver24, whore undergraduate student
numbers are only broken down by year of entry, will be of little use in planning cour

14. Oliver, R. Mee Hopkins, D. S. P., Armaeost, .Re, "An Academic Productivity and
,Planning,Medel fpr a UniversityCampus", University of California, Berkeley,
1970

15.8

2 '7



size in particular departments in another university. In the same way, a model which
allows administrators to determine academic staff salary scalos will be of small use
in a country 14here these are fixed centrally.

As mentioned already, it is unlikely that the functional relationships
between variables can be assumed to remain constant when the model is transferred
to a different institute. It is probably these relationships which would require the
greater bulk of adaption if a model seemed transferable. If appreciable results are
obtained by the use of prototype models in British universities, it would seem waste-
ful for 40 similar establishments to perform identical model building work. Two ways
to avoid this duplication of offort would be:

'1) By designing a series of small separate computer programs,
each capable of performing some minor role in the calcula-
tions of'a model, and all capable of beix. linked to each
other.

2) By developing a compiler and computer language designed for
the needs of educational institute model builders. Such a
compiler could be written either using a high level computer
language, or using a compiler-compiler.

15.9
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CHAPTER 16

The BRADFORD UNIVERSITY PLANNING hODELS

Introduction

Two computerised models of Bradford University are described in this
chapter. One, a static model, (in which "time" does not occur as an explicit
variable), and the other a dynamic model, (having time as an explicit variable),
As explained in Chapter 15, a dynamic model can be conceived of ae a series of
linked static models; this conception underlioe the work presented here.

After a general paragraph on the purpose of the models a detailed d
cription of the static model ie given. The dynamic model is described by men ioning
its features additional to the static model. The chapter ends with some notes on
the programming of those models.

Purpose

These models are concerned with the allocation of resources by the admini-
etration and governing bodies of the university. Many of the decisions controlling
resources can be expressed by quantitive rules which are usually called "norms",
and it is these forms of resource allocation decisions that these models deal with.
A decision to increase the amount of space given over to labovatories can be expres-
sed as a change to a norm, and hence lies within the scope of the models. A decision
to exchange the functions of two similar laboratories cannot be so expressed, and
hence is outside the scope of the models. It is to the "general" rather than the
"particular" that norms are related -- with quantitive resource allocation policy
deeisions. Both models attempt to trace the quantitive consequences of this cleas
of decision -- to trace the consequences of setting resource allocation norms to
particular valuee.

STATIC MODEL
_

De endent Variables

Within the model the conseqvei,ces of setting resource allocation norms to
partieular values are representeu by the values of certain variables -- dependent
variables. The values of the dependent variables are based on the assumption that
the university operatee for one year with a given eet of resource allocation norms.

The dependent variables fall into three groups:

(a) Staff numbers
(b) Space requirements in square feet
(c) Cost

, 16.1
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Staff

Four types of staff are dealt with by the model:

i) Academic staff
ii) Techrlitlal staff

iii) Administrative and clericn1
iv) Library and computer staff

i) The acadohlic staff consist of all the lecturers, senior lecturers, readers and
professors of thc university. Research staff are excluded from the model since
po/icy decisions concerning them are only tentatively connected with other functions
of the university. However the research staff are a significant proportion of the
academic staff as can be seen in Table 16.1.

aff

Table 16.1 Academic and Research Staff 1966 to 1971

Year Academic Staff
excludino; research staff

Research Staff

1966
1967
1968
1969
1970
1971

335
345
368
368
385
405

70
83
82
72
78
76

For the years 1970 and 1971 separate figures are available for the number of research
staff supported by external grants, and those supported from general sources of
finance. In March 1970, 28 were financed by grants leaving 50 not so financed; by
March 1971 the number supported by grants had risen to 36 and the others had fallen
to 40.

ii) The technical staff Includes all laboratory assistants, junior technicians,
technicians senior technicians and chief technicianS I and II.

jai) The adnIn_strative and clerical staff consists of the administrative and pro-
fessional emp2.zyoos, typists, machine operators, clerical employees and those paid
on the mison:1::-.,.r,r.us officers pay scale. A distinction is made in the model between
staff workir.:; Ciao central administration of the university and staff working in the
Schools and 73-7.)c:12, of Studies. This is done because there is considerable variation
between the Sen_crN-s in their utilisation of administrative and clerical staff, as
shown in Table _16,2.

16.2



Table 16.2 Expenditure on8alaries 1969/70

School of Study
Expenditure on Salaries in ca-

denic Year 1969/70

Research in Education
Pharmacy
Chemic2.1 & Gontrol Eng.

Civil Engineering
Electrical Engineering
Mechanical Engineering

Textile & Industrial Tec.
Biology
Mathematics

Chemical Technology
Physics
Management & Administration

Social Science
Modern Languages

18,366
103,171
13,274

54,837
86,751
64,576

53,274
39,175
85,354

143,351
77,721
78,493

I132,768
67,600

2,477
3,871
7,720

1,776
4,934
3,330

4,037
1,794
2,03,3

8,960
6,115
9,195

6,541
3,856

Note: Academic staff salaries
and visiting staff.

exclude

Ratio
(1)/(2

(3)

7
27
2

31
18
19

13
22
32

16
13
9

20
18

research taffy but include part-time

iv) The library and computer staff consists of -11 librarians and library clericaland secretarial employees, computer operators, programmers, and other computer emplo-
yees (excluding those who work on the administrative computer).

Space

Seven types of space are recognised Ly the model:

Academic staff space
Administrative and clerical staff (in schools) space
Technical staff space
General teaching space
Laboratory space
Central administrative and clerical staff space
Library and computer space

i) Academic staff space consists of the personal rooms of all academic staff (ex-cluding research staff). The academic staff rooms are used for tutorials.

16.3
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Administrauivo an
co.

c eric, staff (in schools) space consists solely of office

Technical staff space consists of a s all personal allocation of space in
oratories or workshops.

General teaching space includes all lecture rooms, classrooms and seminar rooms.

All laboratory space, irrespective of subject and level, is considered together
the model.

Central administrative and clerical staff space consists of office space for all
se employees itemised under (iii) in the previous paragraph, who are not employed
actly in the Schools of Study.

) Library and computer space consists of office space, reading room, shelving
2e, stacking space) computer room, data preparation space, reception areas, etc.

These spcLee requirement variables all refer to net square feet, including
yr those areas which are directly attributable to the university's academic re-
rements for teaching and research. This is the same convention as that uead by
University Grants Committee.

Cost

Six dependent cost variables are included in the model. They are:

i) Academic cost
ii) Administrative cost

iii) Equipment and materials costs
iv) Maintenance cost
v) Library and computer costs

vi) Imputed rent

Academic coat includes the salaries, insurance and superannuation of all grades
tcademic, clerical, secretarial and technical employees.

Administrative cost consists of the salaries, insurance and superannuation of
Lnistrative officers, clerical and secretarial staff, and expenditure on printing,
ALonery, advertising, telephones, postage, recruitment, travel, subsistence alloW-
s, audit foes, legal expenses, office equipment, 0 & M consultancy.

1 Equipment and materials cost consists of expenditure on equipment and materials
1 for teaching and research, and the payment of demonstrators.

Maintenance coot consists of exOenditurs on cleaning, heating, lighting, repairs
Iting, gardens, furniture and security.

16.4
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v) Imputed rents result from applying a rental per square foot to the various areas
of accommodation used by the university.

Decision Variables

The decision variables of the static model consists not only of the norms
mentioned above, but also contain other variables which can represent quantitive
elements of policy which are not in the form of rules. The most important of these
are variables used to represent the number of students on each course. These are
described in the paragraph headed "Level of Detail".

Norms

The norms used in the model are described in three groups corresponding
to the resource whose allocation they govern:

(a) Academic Staff
(b) Other Staff
(0) Space

Academic Stuff Norms

The basic norm used for the allocation of academic staff is-the staff:stu-
dent ratio. This ratio, however, is not just dependent on the number of students.
Since there are many typos of student within the university each requiring different
amounts of supervision and teaching, a system of weights is included in the norms.
Tho sum of tbe numbers of each type of student multiplied by the appropriate weight,
is called t1,0 "full-time equivalent" (F.T.E.) student number. As 1 further sephisti-
cat;on the model provides the ability to allocate, dependent upon the size of teaching
group, 1iO or fe-Tor staff than would be allocated by a straight-forward application
of the staff:student ratio to the weighted student numbers.

The following is the full list of academic staff all cation norms used in
the model:

1.
2.

3.
4.
5.
6,
7.
8.

9.

10. IT 11 full-time, postgraduate, course, Science or.Technology$
20+ students

Staff2Studoat Ratio
Student Weight,- full-time, undergraduate

11 9 thin sandwich, undergraduate
n n thick sandwich, undergraduate on course
II u thick sandwich, undergraduate in industry-
II

n

n

u

full-time, postgraduate, research, Science or Technology
full-time, postgraduate research, Social Sciences

II 11 full-time, postgraduate
0 to 10. students

course, Science or TechnelogY,

tt it full-time) postgraduate
11 to 20 students

course, Science or Technology,
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11. Student Weight, full-time, postg duate, course, Social Sciences,
0 to 10 students

12. u if fnll-time, postgraduate, course, Social Sciences
11 to 20 students

13. II II full-time, postgraduate, course, Social Seim 0
20+ students

14.
15.
16.
17.
18.
19.
20. Smn11 Course 'Correction' formula indicator

n

n

n

II

part-time,
part-time,

postgraduate,
postgraduate,

reseexch, Science or Technology
research, Social Sciences

It

n

il

"

li

II

part-time,
part-time,
full-time,

postgraduate,
postgraduate,
postgraduate

course, Science or Technology
course, Social Scierces
Diploma in Textiles

n 11 Post Experience Course

"Other Staff" Norms

Other Staff" consists of administrative, clorical and secretar 1 staff,

employed both 'centrally and in the Schools of Study, computer and library Jtaff, and

technicians-. Some of the norme are ratios of employeep to full-time equivalent stu-

dent numbers, for instance the staff:student ratio. In other cases a ratio of number

of employees to academic staff ia used.

The following is a full list of these norms:

1. Central Ldministrative and Clorical:F.T.E. student ra io
2. Computer & Library S'aff:F.T.E. students ratio
3. Academic:Technical Staff ratio

4. Academic:Clerical & Secretarial Staff in Schools ratio.

Prevision is made in the model-for the use of up to six valUes of the

last two norms.

E.p.age Norms

The spaee norms state the amounts of f oor space, ip square feet, that are

allocated to various hindsof staff and students for particular purposes. The norms

are:

1. Offine 'eqsdco'for:Professors
2. Office apace for ether academic staff
3. Offiee space for administrative, clerical and secretarial staff

4. Room space for tochniciems
5. General teaching area per F.T.E. student
6. Laboratory area per F.T.E. .tudent

Since the staff allocation norms do not distinguish professors from other

academic staff, a further norm is included under this heading:

Percentage of academie stalt posts taken by. professors.
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Tho relatively crude norms controlling -the allocation of general teaching
aroa and laboratory space aro moflified in the model by procedures which are explained
in subsequent paragraphs.

LLvel of Detail

Although Bradfo d UriverJity has a well-defined organisational structure,
with Boards of StIdies and undergraduate and postgraduate Schools of Studies, it
is not a fixed structure. This structure is Intended merely to provide a framework
for teaching courses and for reseatch projects. ConserInontly, the basic level of
detail adopted by the model is the undergraduate and postgraduate course, and the
postgraduate research project. The following information is required for each course
research project:

1. Course or project name
2. Number of students on 1st year of course
3. Number of students on 2nd year of course
4. Number of students on 3rd year of course
5. Number of students on 4th year of course
6. Percentage laboratory-based
7. Percentage clasL;room-based
8. Level indicator (undergraduate = 1; postgraduate = 2; post experience

diploma in oxti1es = 4)
9. Sandwich indicator (non-sandwich = 1; thin = 2; thick = 3)

10. .icademic type indicator ,Social Sciences.= 1; Science or Technology =
11. Time indicator (full-time = 1; part-F.ime = 2)
12. Method indicator (research = 1; course = 2)
13. Industrial experience year (1, 2, 3 or 4; thick sandwi h only)
14= Academic:Technical Staff ratio indicator
15. Acadamic:dministrative and Clerical Stnff ratio indicator

=3;

The course or project name (1) is included only to help with the problem
of collecting the information. Items (6) and (7) are included to make the normS
covering the alooation of general teaching apace and laboratory space more flexible.
Items (14).and () are used to determine which of the six possible values of the
nother staff" r.1cation norms (3) and (4) aru relevant to a particular courseor
project.

Since some courses and research projects do not differ with respect to
their resource allocation requirements it is not necessary for tham to be treated
separately by the model. For this reaon no upper limit is set to the number of
students on a courae or project.

Function ationss

These relatijnshIps aro consi ered under four headings:

i) Academie Staff
ii) Other Staff

iii) Space
tv) Coats

16.7



1) Actademic -,%tnff

walemIc staff, Ti is simply related te equivalent student
numbers, S, by the staff:student 7ratio norw r.

T = ---
Jr'

(1)

T4e full-tie equivJ71ent number is the sum of the products of the student
numbers on each course and the appropriate student vI The student weight is
determined by the indicators listed in the paragraph headed "Level of Detail" (Items,

9 to 13). In the case of sandwich courses the student weight can oe varied from ono

year of the course to another.

This p9ssage may be summarised by the formula:

whore

1
T r 1=1 j=1

3.3

4
(2)

aff:stu ent ratio

= weight for students on, year j of course or research project i
ij

s.. number of students on year j of course or research project i

C = total number of courses

ii) Other Staff

The number of -technicians is determined by the allocation to each course
since the acadotAo:technical staff (t) ratio is decided at this level.

-Thus total number of technicians Tt i s given by:

4
1 it

- 5- ( t w
r

1.7:1 j=1

.

Administrative, clerical and secretarial staff in_Schools are determined
in the same way as technicians, using the appropriate norm Xcademic:Clerical and
secretarial staff in schools retio (0).

Thenpasabevthetotalnumborofsuci-.staffT_is given by:

4

16.8
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Centrni admiri.?trative and clerical, and library and computer staff are
determined in the same way E2.5 aeademic staff; they are related directly to the full-
time equivalent student number, S, by moans of tho two ratioc V (for administrative
and clerical) and W (for library and computer staff). Thus the respective .:.otal
numbers 1.V TW aro given by:

1 ,

b

,S.1. 4
w.. s.v

1=1 j=1

4
W. 0.

1=1 j=1 ij

iii) Pnace

Academic staff office space _a. is given by summing the products of the
number of professors and other academie staff by the norii giving their individual
space allocation.

Thus,

T
a

- al) 1-
100 2

(7)

where P is the percontage of academic posto hold by professors

is the spa6o allocation norta for each professor_

a1 is tho op --e allocation norm for other academic staff.2

Administrative, clerical and secretarial staff office space is related to
tho number of (.1-ieyes by a straight-forward allocation per person irrespective of
wilethertheytecicentrallyorixithesehoolo.Lottings.denote this
class of spacc

Tu

whore he office space for. administrative, clerical
and secretarial norm.

(8)

Similarly the technicians space allocation A
t
) give rise to no complications:

At tl T
t (9)

where t1 is the room space for technicians norm*

General teaching arca and,laboratory area A1), are both related to
weighted student nuMbers on each course or research project multiplied, respectively,
by the values of the two items of course information:
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Thus,

pl_centage laboratory-based (bl)

percentage classroom-based (b2 )

2 4
b- Y.. S.

1 j=1 1J 1.1

1
4

.8., 0. w.
i

s..
i=1 j=1 j 1J

(10)

Iv) Coebs

Within th c. model, variables used in cost calculations are similar to norms
in that their value can be conbrollod by the user. However, these variables do not
represent quantitivo rules Rather, their function is to monitor tho consequences of
the quantitive rules.

Acadelllic costs: which are all costs arising directly from employing staff
of various kinds, arc calculated by multiploying the number of employees of various
kindsr(academic, technician, alministrative, clerical and secretarial) by an average
cost figure taken from the University Accounts for tho year 1966-67. (July 1966 is
the base year for the Treco/brown Index of University Costs and employment cost did
not rise in the academic.year l966-67.)

Imputed rents are calculated by multiplying the net arca of the various
typos of accommodation by a cost porn square foot. These costs per square foot are
calcultnted by amortising, ever 50 years at 7%, the figure for new buildings quoted
by the University Grants Committee publication "Notes on Procedure", after adjusting
for gross squarc, !--%age, again using the U.G.C. information.

The . four costs calculated by the model are arrived at using linear
relations whic.o ',,lcre been derived from regression analysis of the cost data, staff
and student numbers for the years 1965 to 1970. All cost figures were corrected to
the levels of July 1966 using the Tress Brown index of university costs.

Full details of the calculations and data underlying the cost relationships
aro given in Chapter 17.

DYNAMIC MODEL
. .

,

The dependent varab1es of the dYnamic model differ from those of the-static
, .

model only inasmuch as they take on values for each of five years. The period of five
years is chosen to coincide with the five-year planning and financing period of the
British universities.
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Decision Varin.bles_

In order simulati a five-yoar period with the model, information additional
to that described earlier is required.

Norms

norA;?, relating to the static model are included in the dynamic model,
and they take on valuo!,1 n.t each of five years. In most cases the values of the norms
would be expected to :-'eT.A1; the same from one year to the next. This has been taken
into account in the -o7oR:r.og of the model in order to keep the amount of data pre-
paration to a minimum.

Howe. - al additional class of norms, transition ratios, controlling the
movement of students from one year of a course to another is included. These transi-
tion ratios are Jzi i5roups of tl-ree: 1st year/2nd year; 2nd year/3rd year; 3rd year
4th year. Valaes arc giveli ies oi.eh of the four steps of the five years of the pro-
joction, and u,D to nine diffecent groups may be used in any projection.

LeVel of roll:

The f .0.ijwing information, additional t
is required for e.c.h course or rovearch project:

Number of ud.Je n the J.-rot year of course
projection
Number of s )donts on the f:rst year of course
projection

3. Number of
projection
Number
project
TransitLo.l.

'dents on the first year of course

on the fi st year of course

that required for the static model

or project In the

or project In-the

or project in the

or project in the

2nd year of

3rd year of

4th year of

5th year of

Th r.:.ansition ratio indicator r fors to one of the nine groups of transition
ratios descrioJd above.

Functi°natiailehis

The functional relationships of the two models are tho same. The dynnmic
model performs the same calculation as the static model, five times over, using a
different eet of norms and student numbers each time. The linkage between consecutive
calculations is provided by the transition ratios. The number of students on year j
of a course is in year k of the simulation; 4, is assumed to equal t1. given by:



whi7re

the kth year of
course, for the
in the J-1 ye',1..

Pr 0 1 1,

fk-1
j-1,j

projection, referred to by the transition ratio indicator for the ith
ratio of the number of studentr in the jth year of the course to those

J-103 3_2-1

is the

(12)

transition ratio for the link between the k-1 and

pl-o6rammed in ALGOL for the I.G.L. 1900 series computer.
The programs :2:-qufLre woproximatoly twelve thousand words of core storage, line printer
and card rolir,

Sample
r)37,3 -.7_1:w.-Ifl7ttons, operating instructions

dix 1.

16.12

Pr gram listings an



CHIaTER 17.

ECONOMIES ARISING PROM VARYINO NORMS AT THE UNIVERSITY LEVEL

(The Possible Use of the Bradford Planning Models

Introduction_

This chapter presents some of the numerical details and results
of the models. Only the dynamic model is dealt with here since,
as described in the preceding chapter, the static model can be regarded
as a subset of the dynamic model. The numerical details are treated
in two sections. The first gives details of an analysis of the
University of Bradford's accounts over the last few years in order to
establish cost relationships, and the second gives the values of the
allocation norms. The results of the model are also treated in two
sections. One demonstrates the use of the model to calculate the
additional resource requirements needed to cater for expansions of
existing courses and the introduction of new courses, and the other
section shows how the model can be used to trace the consequences
of varying the allocation norms.

Costs.

The five cost figures given by the model are:-

Academic costs
ii Imputed rents
lii Maintenance
iv Administrative costs

Eouipment and Materials.

Academic cests and imputed rents have been described in chapter 16.

The other three cost relationships are derived from a study of the University
aecounts for the last five years. The relevant figure are given in
table 17.1

TABLE 17.1 t- Expenditure on Maintenances Administrationfialuipment
and Materials.

ain-enance expenditure less
ents,rates and insurance(A

Admih strative expenditure
less-salaries (ZA

Expenditure on equipment
and materials Z)

1965/66 1 1966/67 1967/6 1 94/

-200,351 272,169 290,309 33l,309 390,202

162,493 209.793 211, 600 268,495 325,244

258,082 286 211 365,669 374,283 351,840
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Before anlysis the figures were adjusted to a base date, July
1966, using the Tress/Brown index of university costs compiled by the
University Grants Committee. The values of the index over the
appropriate pJriod for non-supplemented expenditure (i.e. expenditure
other than salaries and superannuation) are given in Table 17.2.
The value of the index is calculated in six-monthly intervals, in
January and July. Only the January values of the index are used to
adjust the cost figures

Table27.2: Tress/Brown Index. Jul 1966 = 100

Index

Jan. 1966 97.4
1

Jan. 1967 100.3

Jan. 1968 105.0

Jan. 1969 110.0

Jan. 1970 117.0

The other figures used in the analysis aro given in Table 17:3

Table 17.3: Student and ampleyee numbers 12h5770

Full time

Number of

Number of

Number of

Number of

Humber of

!Number

,Number of Weekly-paid Staff

equivalent students

full time students

Aeademie Staff

Research Staff

Technical Staff

AdEdnistrative Offices

11965/6 4966/7

2694 3271

2302 1 2694

335 345

70 -83

194 1 232

43 41

181 199

418 461

of Clerical Staff

1967/8:

3732 1

2937 I

64

81

234

47

218

480

1968/9 1969/70

4097 ; 4369

3142 3353

! 366 385

1 71 79

220 222

! 49 59

1 236 267

520 558

A sophisticated attempt to analyse university costs aver a
period of years using simple or multiple regression models would
have to cope with problems a multicolinParity, due to just those

planning norms which are under investigation, and heteroscedasticity
due to the five-year planning period. Even if these problems could
be overcome there still remains the caveat of Chapter 15. It would
be unreasonable to expect the most perfectly fitted model to give

reliable forecasts.
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Bearing this in nind, and the fact that t1-.!e cost figures are
incorporated in the model only to manifest the consequences of the
quantitivc rules used in resource planning, only simple linear
relationships in Independent veriable aro used.

Details of the least square estimates of the co-efficients
of thequetion

.y ax b

for the three costs listed in Table 17.1 aro given, together with the
corresponding estimates of the co-efficient of correlation (r) in
Table 17.4

Ta1JIIJ. Details of linear rqg.u_s_sion analysis

Dependent Variable Independent Variable a
adjusted cost figure)

Maintenance

Administration

Equipment and materials No. of full-time
equivalent students

No, of full-time
students

No. of full-time
students

L

T1.3._ti -49747
!, !

21.5 i 25160 0.69
i

!

! 0.65; 34.9 180954

The weights used in cal ulating the number of full-time
equivalent students are given in the next section. They are the
weights that are used by tthe administration for resource allocation.
It would, of course, have been possible te uso a 5et of student
weights which 'would give all three correlation ratios in Table 17.4
thc value 1.00, but ther,,-would be no empirical justification for
such Ireights.

In sone cases a higher correlation ratio can bl obtained by a
chango of inderendent variable. For exar,.ple the co-efficient of
correlation between Ad.:inistrative cost and the number of Administrative
Officers is 0.78 aad thO number of clerical staff is 0.79. Although
under seue circumstances both of these possible choices of independent
variable would be preferred to the number of full-time students, in
the contoxt of the model of the uni-rorsity whero the number of
administrative and clerical staff are expressed as an allocation per
student it is worth while ,'macvbinia, correlation co-efficient of
0.69 to use a more fundamental relationship.

NORMS AND STUDENT NUMBERS'

The values of tho norms given in .this section correspond to the
5tate of the University-of Bradford_in the,early part of the academic
year 1970/71. The values have-been taken from the documents of the
academic planning committee of the University.
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1. IfIeighted

Student

Full

staffetuent ratio

Weights

12.4

1.0-Limo undo

3. It II tI thin sandwich) 1.0

4. it II II (thick sandwich - nnivcmsity) 1.0

5. II II II (thick sandwich - industry) 0.4

6. 11 II postgradua e research Sci. or Tech. 3.0

7. n n It 11 Soc. Sci, 2.0

8. n n 11 course. Sci. or Tech. 0-10 students 3.0

9. 11 t1 II 11 TI II (1 11-20 II 2.0

10. n II It It it II " 20+ n 1.5

11. n n n n Soc. Sci. 0-10 n 2.0

12. II 11 I/ II II It 11-20 II 1.5

13. n n n u n n 20+ n 1.25

14. Part-time postgraduate research Sci. or Tech. 1.0

15. n n - n n Soc. Sci. 0.66

16. 11 11 I/ course Sci..or Tech. 1.0

17. n n II II Soc. Sci, 0.66

18. F1333 time postgraduate Diploma in Textiles 1.6

19. TI u Post-Experience Course 0.6

20. Percentage of academic staff posts held by prafessors. 10%

21. Ratio of F.T.E. students te contrnj,administrative and
clerical staff 13.4

22.

23.

24.

Professor's staff office (sq. ft. por person)

Other acadumic staff office (sq. ft. per person)

Administrative & clerical staff office (sq. ft. per person )

200

150

75

25. Technical staff office apace (sq. ft. per person) 3

26. General teaching area (sq. fb. per F.T.E. studont) 20

27. Laboratory area ( sq. ft. per F.T.E. student) 65

28. Academic:technical staff ratio (Sci. or Tech.) 1.3

29. Academic:technical staff ratio Soc. Sci.) 17.5

30. Academic:secretarial staff ratio (non central) general value 5

31. Academic:sccrotarial staff ratio (nen central) Management
School only 2

32. transition ratio lst.yoar:2nde. year 0.97

33. II II 2nd. yecr:3rd,. year 0.97

34. II 11 3rd. year:4th. year 0.97

35 Research staff:Academic ratio 0.205

17.4
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For each linderclrarbintcl or p05 tgraduate course or resenrch project
incorporated in the r:odel the fellowinE dotnias need to bo provided.

L. Course or project nnue

2. No, of students on tho 1st. year of the cour.. e in the first year
of the simulation.

NO. of s"Ludonts on the 2nd. year of the course in the first year
of the simulation.

Ho. of students on the 3rd. year of thL, course in the first ye, r
ef the simulation.

5. No. of students on the 4Gh. year of thu course in the first year
of the sin.ulation.

6. No. of new entrants in the second year ot tho simulation.

7. No, of now entrants in the third year of the simulation.

8. No. of now entrants in the fourth year of the simulation.

9. No. of new entrants in the fifth year of the simulation.

10. Percentage laboratory based.

11. Porcenta e classroom based.

12. Level (i.e. undergraduate, postgraduate, post-expolie co, Dip.Ter.h.)

13. Sandwich type (i.e. Non-sandwich, thin thick).

14. Academic type (Social Science, pure scia.nce or technology)

15. Time (i.e. part-tine, full-time)

16. Method (course or resealch)

17. Industrial_ experienco year (only applies to thick sandwich courses

18. Technical:Academic staff ratio for the course.

19. Adninietrative ratios for each year of the course.
20. Transition ratios for each year of the course.

For the courses and projects in existence in 1970/71 using thc
norms listed above tho results of the model are given in Table 17.5

EXPANSION AND INTRODUCTION OF COURSE5

Ono of the principal ways in which the University has expanded
in the past has boon by increasing the number of students on under-
graduate and postgraduate courses. Sora,e tinebefore the beginning
of planning quinquennium the Academic Planning Committee asks the
relevant people to submit details of the size of courses they desire
to run for the next five years. These figures for the expansion or
contraction of existing courses are subject to alteration. This
process may be reperlted several times before a fixed plan is drawn up
for the quinquennium. This final plan is subject to the financial
oorztmint of the University Grants Committee.

The figures for the expansion and contraction of existing coarSOS
agreed by the academic planning committee have been used in the
dynamic model to produce the results given in Table 17,6

17.5
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Two aspects of this proposod set of expansions and contractions
are highlighted by the figures 17.1 and 17.2, showing total student
numbers, (undergraduate, postgraduate both full and part-time) plotted
against the number of academic including research staff and total
cost including Imputed rent).

At the same time that the expansions and contractions considered
above WOre put forward seven now courses wore proposed. The details
of thoso proposed courses have been incotporated into tho dynamic
model One at a time. A full roport,.in.the format of Table 17.5,
was produced after the addition of each Course. Table 17.7 shows
tho Increase in rull-time Equivalont (F.T.E.) student numbers over a
period of five years that would be caused by the introduction of
those courSes.

Table 17.74 _Increases in Studoxt1Jjo.s
'due to Now Courses.

Year F.T.E. Student No.s

1

Without
New Courses

With ITQw__
Courses

3683 3683

2 4065 1, 4065

3 4325 4407.

4 4475 4660

5 ! 4739 5049

If the assumption is made that the now courses are incorporated
in the model in the order of desirability and that if not all the
eourses can be implemented, then certain courses (starting with the
last), aro discarded rather than the size of other courses reduced,
then the 'cut-off' points can be obtained by use of the model.
Figures 17.3 and 17.4 illustrate this usage. In both graphs the
horizontal axis is used for the number of new courses. The increased
demand for space, for all uses, at the end of five years is
illustrated by the figure 17.3 and the Increase in total cost at the
end of five years by figure 17.4

VARIATION IN ALLOCATION NORMS

It is accepted by almost everyone that, for a variety of reasons,
the allocation norms used in the University are going to change
during thenext few years. These changes may be the result of the
.imPoSitionHof-sabe cenetratnt-7I1Vftea di-rodtISF-WSOkie-eXternal agent
o.g. the quinquennial block grant, .or less directly by some resource
shortage, p.g. space.

TO show how the model can be used tos udy the impli ation for
allocation norms of such censtraints figures 17.5 - 17.8 have bean
produced from computer Simulations using the same results. All the
exfLsting courses, their proposed expansions and the proposed new courses

kl T.7 6
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have boon n, d in thes siraulations.

Figur,- 17.5 and 17.6 show total cost and total space
rogniTlements respectively as functions of the staff:student ratio.
The ,staff:student ratio is allowed to vary over the range 8.0 to
16.0. (Ne. of students for each member of staff). These graphs were
produced by performing the calculations for incremoats Of 0.5 in the
ratio.

Figures 17.7 and 17.0 show total spqco requirement and total
cost respectively as function of the allocation norms for general
teaching and laboratory space. The technique here has been to plot,
in both cases, along the horizontal axis the simultaneous percentage
change In tho general teaching area and the laboratory area per
F.T.E. student allocation norm. The changes considered have all
bean reductions. The graphs woro produced by performing the
calculations after every one of a series of simultaneous decreases
of 5% in both norms.

We have so far performed only limited experiments using these.
models. It iP intended during the next few months to carry out
further simulations to test more fully tho.offects of changing
various norms.

17.7.
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FIGURE 17 .
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FART 8

EXISTING BOONOES OF SOYILE

Those sections of this report concerned with the reduction of
unit coots, have dealt at length with economies of scale. Other method:
by ighich the coat of producing graduates could be lowered, for instance
through a more extensive use of univrsity buildings, require the
implementation of such innovations as the four term year, the longer
working day, etc. Those involve a considerable change in university
organisation and may thus be resisted by the university community.

In the context of the present trend towards an increasing
university size, any economies of scale that theve may be in the
production of university graduates, are more likely to be realised.

This chapter seeks to examine and test for existing economies
of scale in the University of Bradford, to see whore economies may
be found, and what order of size they are.
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CILIPTER 18

CROS' a:CTIONilL_STUDY OF STilr COSTS IN RELaTION
TO COURSL SIZE

Economies of sca.le Tithin Universities

Economies of scale are an in_portant factor in the life of any society.
They are said to occur Vim an Increase in output is achieved with a less
than proportionate increiaso In costs, tills cost saving being entirely due
to the iaereased scale of the eperation.

When investigating economies of scale within a university, it must
be decided what is to be taken as the unit of production. The output of
a university is varied, but as this-report is concerned with the cost of
producing graduates, we will take the output as being the number cf
undergraduates undergoing a year's education. Using this output as a
measure of scale, a number of potential units of production present
themselves. Of these, three would seem the must practicable, they are -
the University, the Board of Studies and the Course.

In discussing the applicability of greater specialisation and/or
more efficient means of production to the University, the Board of Studies
and the Couree, as they increase in size, it is reasonable to considea:
only those opportunities for reduction cf cost per student, that aru a
necessary or likely result of an increase in the size of the unit of
proJuction under consideration. Thus in the case of the University, we
would expect that as it grows so administrative costs per student could
decrease and that some university services such as accommodation and
employment bureaux could be made less costly per student. As the Beard
of Studies grows we would also expect administration costs pur student to
be reduced, and possibly, where courses overlap, items of equipment of
mutual interest for several of the courses may not need to be
duplicated.

As a University or a Board of Studies expand thei7r, is not
necessarily a concomitant increase in the size of the courses that
comprise the University or the Board. They may both grow by increasing
the naimber rather than the size of the courses that comprise them.
However, it is the course that is the basic unit of production and thus
it is the course that offers the greatest scope for economies of scale.
Teaching cost is a major item In the breakdown of cost per student and
the course size and structure will largely determine how efficiently the
lecturer's time is utilised. Whethe7 a certain preparation time results
in giving lectures to one group of ninety students, three groups of
twenty students or one group of twelve is dependant on the particular
course and thus we can sou that course sizu can have groat repercusaions
on teaching cost per student.
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While teaching cost per student of major importance, other
economies may flow from increasing the sizu of a course. Technical
staff may also be useC more efficiently, for exaMple, where one piece
of equipment has to be set up tor demonstration purposes, it makee no
difference to the labour involved whether the demonstation la carried
out in front of ten or twenty students, though in the latter case the
work is rather more productive. Another illustration of an economy
expected ae a reault of an increased couree size is the cost of teaching
equipment and materiels per student. Some items of equipment will have
to be acquired in amounes directly related to the number of students on
a couree and here few economies may be expected (although possibly bulk
purchase may reduce cost per student). However, other items of equip-
ment may be accirdred mese searingly and where, because of indivisibility,
one piece of eeuipment ebteened for a course comprising 40 students would
be sufficient for a ceneso comprising 200, the particular economy from
increasing the course size is obvious.

From this we can sea that the course is the unit of ploduction
potentially able to obtain the greatest economies from an increase in
size. We have seen that course size is by no means directly linked by
University or Board of Studies eize and thus, from the point of view of
exploring economies of ecale within the university, the Coursu will be the
most profitable unit of production to investigate.

2. Me-blasdfa_sp_pxoach

When looking for economies of scale it is necessary to compare the
cost of output of units of produetion operating at varying levels of
output. In order to examine the economies of scale in Bradford University,
there are two altornativee. Firstly the cost per, student per year could
be calculated for individual courses at various stages in their develop-
ment. The major advantage of this approach is that the product remains
relatively homogeneous. Thus we would in each case bu comparing the cost
of producing a particular type of undergraduate at different course
sizes. The disadvantages here though are largely ones of data gathering,
for no detailed costing of individual courses has been methodlcelly
carried out over the life of this institution. Even if costing had been
carried out, there would have been considerable problems involved in
making these costs comparable, for inflation would have affeeted varioua
component of cost to cli:2erent extents and no single calculetion
could solve ths problem eatisfactorily.

The second method, ane the one used in this chapter, is that of a
cross sectional study of ceesseses at the university. Here data is
available and the costs arrieed at are comparable. The major cisawback
howuver, is the leek of homeg noity. Can one regard the production of a
civil engineer as being comparable with the production of an economist?

18.2
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It is .E-Lio that the process ef production in both cases involv s the
assimilation 017 knowledge, but the character of the knowledge, and to
some extent the means of Imparting it, are rather different. Thus
as uming we arrived at thu hypothetical result that the total cost of
producing a civil engineer was £2,000, whilst the total cost per
economIst was £10500, we then looked at the COUTse sizes and found
that the economics course conststed of 200 students, whilst the
civil engineering course contained some 100 students. From this it
would not be valid to contend that economists were produced more
cheaply as a result of economies of scale. The means of imparting
knowledge would be a much more likely cause of the disparity in costs.
Ctvil engineers may require expensivc equii;ment taking up large areas
of floor space. They may require numerous technical staff and se (31)
On the other hand, economists may be happy with a number of books,
six lectures and three tutorials per week.

3. Interpretation cr Results

Recognising bhat the nature of a uourse may have a greater effect
can cost than any economies of scale, it is necessary to subject the
results to rigorous scrutiny. For example, if, as is expected, we find
a negative relationship between course size and cost par student, it
will be possible that this is a result of economies of scale. However,
this would not be the only possibility. It could be that those courses
comprising the greater number of students are cheaper per student
purely because ef their nature. If this was found to be so, then it
might be possible to advance the hypothesis that courses expand in an
inverse relation to their unit cost. This then will have to be con-
sidered when discussing the results. At present, it is likely that
those courses with little laboratory work - mainly in the Board of
Social Science - will turn out cheaper than ether courses. If this
is the case then it may be necessary to exclude them from the analys s
in order to avoid their distorting influence. This and other
possibilities will be considered.

From the above we can see that ro exact,relationship can be
expected between course size.and,cost pGr student. What we are looking
for is evidenoaof a general trend towards cost reduction per student an
course size increases - a cost teduction that pan only be satisfactorily
explained as the result Of economies of scale,' In this section we examine
the-relationship betWeen PrcsUnt course size snd actual cost per student
to see whether or not tese exl)ected eeenomies actually occur. The
cost figures used are the ecohotic costs par student for different
courses in 1969/70, defined and presented in Chapters 2 ar.1 3 of this

report
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many of the components of these cost figures are unsuitable for
,,so in investigating the existence of -_lconorAies of scale. The Capital
and Maintenance figures, for example, attribute the varicas university
buildings with different costs per square foot. This result3in those
cour,3es housed in the more expensive buildings being attributed with a
higher Capital and haintunance cost per student, than other courses
housed in less expensive accommodation. The nature of thybuilding in
which a course is 1;aught is not necessarily dependent on phe type of
course, and to some extent is an 'accideni-, of history'. !Indeed, the
classroom tuition of the majority of courses could take,Place in the
least expensive accommodation, with little resulting affect on
iiroductivity but with a large impact on the cost per student. The
difference in cost per square foot, among the various university
buildings, has a great effect on the capital and maintenance cost per
student, of the various cnurses and thus precludes any meaningf1,11
examination of the relationship between course size and the cost of
any of the capital items.

The method of calculating the cost per student of the
administrative, library and student facility items negateothe
possibility of any economies of scale there might berin these cost
areas coming to light because of the simple pro rata method of'
allocating them over .all students.

However, there is one group of cost cor.ponentz on which a moanin
ful investigation of economies 'of scale con be carried out. Th-ls is
the group of Teaching Costs which have been calculated entirely on a
course basis. The need to concentrate attention on this particular
cost heading, is not as great a limitation as it may seem, for tecnqiing
ccst accounts on average for over 40% of total costs and for approxim-
ately one half of the university's current expenditure. Thus, any
economies of scale that we m3.ght discover as regards teaching Losto,
will have grk,at significance.

The dao, on coilrse size required adjustment to make the:Various.
course sizes comparable. The factorsof production availaisle -to the

various courses area function, not ao much of th3ir,nomi4aI .eourse
size, as of the numhcr of etudents on a course who are stUdmilt within
thjurILD=MILILL91z_2ne:time, -Thus for a conventional threo year
course, the'simplo nunbers of registered:students were accetthatle.
Where, because of the sandwich nature of a cpurse, one quarter of the
courses -students were la industry at any One-time the figures were
multipied by three-quarters. Where a coUrse was entirely of a

18.4
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double entry nature and thus only half the dtudonts on a course were
present at any one time, the nominal figure was multiplied by one
half. Wher-1 the first three years of a course were of a double
entry nature, whilst during the last year both entries attended
university for the full academic year, the nominal figure wus
multiplied by five-eighths. Despite the varied nature of these
courses, all but one group of students complete a total of nine
terms within the university and thus in this respect the
various courses are reasonably comparable.

The ana-;:is which is mainly aoss see 6ionc.1 takes c:-.ghteen
couxses and compares their.teaching cost per stuent with their
effective (weighted) course size. These observat:ZontJ of course size
and cost per student are plotted in figuru 18.1 rimy show a
negative relation betweon comrse size and teaching cost per student.
The relationship has a poor correlation coefficient(r = -0.3029).
However, the trend - of a reduced teaching cost per student the
greater the coUrse size - is reasonably definito. lt can bp seen in
_Mille 18.1 that the greater is the average course size, the smaller
is the average teaching cost per student.

Table 18.1 To chin- Coat r Student in Relation
to_C-Urse Size

Weight d
course size

Number of
coarses
n ou-

Average
Course siZe

Average
teaching cost-

r-st kent

160 5 216 £919

90 - 160 5 125 1043

55 - 90 4 73 1241

55 4 49 1372

18.5
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The absence of a definite linear relationship is likely to be
3argely the result of including such a diversity of courses in the
same sample. It has already been mentioned that laboratory-based and
classroom-based courses may not be sufficiently comparable and this
is seon to be the case, for irrespective of course size, classroom-
based courses as a group are much cheaper than laboratory-based
coursoa. In fact, classroom-based courses (with an average course
size of 135 students) had an average teaching cost per student of
£615, whilst laboratory-based courses (with an average course size
of 115 students) had an average teaching cost of .51,466 per student.
The sample was therefore devided into 'laboratory-based' and
'classroom-based' courses.

Classroom-based courses, which account,for one-third of the
sample. exhibit no relationship between course size and teaching
cost per student. However, the sample, consisting of only six
courses is limited, and the spectrum ranging fram mathematics to
languages and social sciences) wide.

When the relationship between-course size and teaching cost per
student in the laboratory-based courses is investigated, a negative
relationship is again evident. HoWever, although there is a stronger
correlation, it is still not significant at the 5% level. Figure 18.2
show that the lack of fit results largely from three deviant courses,
whose teaching cost par student is greater than one would expect from
this course size.

In the case af Pharmacy, it can be seen in Table 18.2 that a
high laboratory staff cost largely accounts for the discrepancy.
(It was shown in Chapter 12 that Pharmacy has the highest student :
TechniCal-Staff -ratio in the university. It was also suggested that
the demand for technical staff is related to laboratory area and if
this is the case then Pharmacy's high teaching cost may be largely
attributable to its generous laboratory area). The bechanical and
Electrical Engineering Courses are also found to be a special case In
that they have both experienced a relative difficulty in obtaining
their quota of students. This has reduced their student:staff ratios,
which at 10.6 and 10.9 respectively, were significantly lower than those
of the other two engineering schools Chemical Engineering (14.1) and
Civil Engineering (16.6).

18.6
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If these three courses are withdrawn from the sample, then the
correlatian between course size and teaching cost per student is much
stronger, the coefficient of correlation, r2, having a value of 0.714.
Similarly, the relationship between course size and the cost of
academic and technical staff per student is very strong with an improved
r2 of 0.86. The relationship between technical staff co8t per student
and course size was also very tight (r2 = 0.67),and when academic staff
cost per student is correlated with course size (this time including
Pharmacy in the sample) the relationship is, again very erecise (r2= 0.63).

The strength of the relationship betwe n course size and academic
and technical staff cost per student suggests that these cost items are
largely responsible for the negative relationship between teaching cost
per student and course size. The other major cost item, expenditure on
teaching equipment and materials per student, bears little relation-
ship to eouree size:

While the evidence of economies of scale has so far been expressed
only in terms of cost per student, it may also be expressed in terms of
teaching hours per student. Thus, as well as finding that academic and
technical staff cost per student is negatively releted to course size,
we would expect that the economic use of acedemic and technical staff
resources es positively related to course size. However, no simple
measure of economy in staff use is available. The academic and
technical staff:student ratios are both unsatisfactory. The former
fails to take-service teaching into consideration, whilst the latter
makes no allowance for those technical staff primarily facilitating
research. Theis some other measure is required. In the case of
academic staff, we use a measure of "tutorial equivalence".

If we take the annual teaching hoe's given to a course, and divide
this by the number of students receiving this teaching, we obtain the
average number of hours tuition each student would receeve if all
teaching was carried out on a 1 to 1 tutonial basis. This figure
represents eech student'entutorial equivalent" hours received over the
years he attends university. The sum of hours devoted to each
ipdividual 'year' of a course (1st, 2nd, 3rd and sometimes 4th ) in one
academic year, represents the average total number of "tutorial
equivalent" hours received by 6he student as he passes through all
the years of his course.

We would expect a student's "tutorial equivalent" hours to vary
immensely with the weighted course size. WO illustrate this by
taking the 6iiic of two students, who each week attend 6 lectures
3 seminars and 1 tutorial, each lasting 1 hour. One student is on a
largo course, the other on a small course. The average size of
lecture, seminar and.tutorial groups for.the respective courses are
as follows:-

18.7
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Lar e Course Lectures 50 students
Seminars 10
Tutorials : 2

Small Course Lectures studen s
Seminars

. 5
Tutorials 1

Thus in each week the studonton the large-course will receive

-6 -2 = 0.8 tutoriaLequivalent h.curs,50 10 2

whilst the student on the small course will receive
6 I +

30 5 1
= 1.8 tutorial equivalent hours.

Thus, although the students attend similar numbers of lectures., sa inarsand- tutorials, the more nefficient" nature of the larger covrae inreflected by the smaller "tutorial equivalent" hours given to eachstudent.

In order to examine the relationship between "tutorial equivale.lt"
hours per student, and course size, ututorial.equivalent7'heurs are calcu-lated for students on laboratory-based courses, using annual teaching
hours given to each course in the aeademic year 1969/70 'vad dividing
those by the number of studens on a course, present in the university
during the year. This is'shown in table 18.3

Table 18.3 ,TUTORIAL_EQUIVALEET HOURS ir).:R STUMMTT

CeturSe Weighted.liumbv..*
of students

Tutorial Equivalent
hours per student

Pharmacy
Civil Ehgineering

230
193

26.96
data not available

Chemical Engineering 175 16.89
Electrical Engineering 154 43.8Mechanical Engineering 147 42.43Chemistry 122 23.52Applied Biology 77 33.06Textiles 64 56.38Applied Physics 62 59.45Optics 53 74.26Material Science 53 58.17
Colour Chemistry 49 40.55

13.8



In Figure 18.3, the "tutorial equivalent" hours per student are
plotted against weighted course si ze- the relationship iS negative,
with a correlation coofficient.of r2=10.46 - significant at tho 5%

level. It is seen thatthose cour-!es whose teaching eosts por wbudont
were shown in Figure'1801to be greater than expected, have a. much
higher "tutorial equivalence" than ,their size would suggest.

Thus as a measure of economy, "tutorial equivalence" lends -/eight
to the analysis and to the evidence of economies of scale. "Tutorial
equivalence" suffers from a drawback, In that a course that reduces the
number of hours tuition received by its students will register a lower
"tutorial equivalence" and thus will appear more economic of staff time.
However, as there is no evidence to suggest bhat those students on
larger courses receive fewer hours tuition,than those students on
smaller courses, we may regard a low measure of "tutrial equivalence"
as resulting from a more economic utilisation of acc_demic staff time
and this appears largely dependent on course size. As with the
economic UBO of academic staff time, economy in the use of technical
staff will be dependent on such faetors as the size of lecture groups
and thus there is good reason to believe that technical staff uses .

if calculated in a similar manner to the above, would also reveal an
Increased economy as course size increases.

These findings substantiate those of Chapter 5. Here, by
analysing the pourse structure,:it wae.possible to hypothesise the
way in wbich meetings increase as student nuMberSexpend.1 When
expressed as a staff cost indox,.all courses showed an inverse
relationship between cost per student and course Size. The relationship.
however0'was not linear, but a curve, asymptotic to both axes. It can
bo seen in Figure 18.4 that a similar curve fits the data for "tutorial
equivalent". In fact, the fit appears more-Prociso than the linear
relationship of Figure 18.3.

For lethodology refer to Chapter 4 section-_4).
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5 Implications for ExPansion

The available evidence points in favour of some trend towards
reduced costs per student as course size increases. In additionp
these results are confirmed by the direct relationship between course
size and the economic utilisation of staff time. In the context of
university expansion, it is desirable from the cost viewpoint, for
expansion to be carried out through increasing average course size,
rather than increasing the number of courses. This consideration works
against the establishment of further new universities and the
diversification of existing ones. It makes for larger, more
specialist universities and thus affects the nature of university life.

While a general trend,towards a reduction of teaching cost per
student has been discovered, as course size increases, it is by no
means precise. However, using a variant of sensibility analysis, it is
possible to give an idea of th e. possible cost implications arising from
the establishment of universities with different average course sizes.
From this some ideas may be obtained as te the merits of increasing
course size at existing universities.

While the relationship between tutorial equivalents and course
size appears to be the mosb precise, tutorial equivalents cannot easily
be expressed in cost terms. However, as the academic staff cost per
student of a course is to a large extent influenced by the tutorial
equivalent of that course it is useful to see how academic staff cost
varies with course sizes.

In-Figure 18.5, we see that academic staff cost per student varies
with coursesize in much the same way as tutorial equivalent. Curve A
represents the relationship betWeen course size and.acadomic staff cost
per student, calculated using data for all the laboratorybased courses.
However, as Electrical und,MechaniaalEngineering appear to be livry much
out of line with the general trend, cUrvo'B is calculated excluding these
two courses.

Using these two relationships as a basis for prediction we
illustrate in. Table 18.4 the possible repercussions on the academic staff
cost of a univerSity comprising 3,000 students, of four different course
'sizeS.

18.10
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Table .4 : Relationshi- f Staff Costs and C urse Siz-Mix

Relationship between
course size and
academic staff cost
per student

Total academic staff cest of university of
3,000 student's when this comprises

60 aourses
of 50
students

each

30 courses
of 100
students
'each

15 courses
of 200
students

each

10 courses
of 300
students

each

A.
Log Y = 3.299 - 0.213 Log X

B.
Log Y = 3.52 - 0.34'Leg:X -

E

':2 595 000.,

2;613 000

£

2,23E4000

2,076,000.

E

1,932,000

1 650,000

1'770 000

1,437,000

The total academic,staff Cest docreases.markedly as- course size increaSes.
Even with the leaat favourable projection-1A,, the Academic staff cost falls
by 30% as the average course size increases from 50. tp 00. Nith function
,B1, academic staff cast falls by. 45% for the saMe indrease in course size.

_
These projectione'shoW'that-potential odonomio0 fromincreasing course

size aro sUbstantial. It must be noted'however, that unlessIthe
.

universities take dation to reduce staff:student-ratio,pjle course Sipe -_
Increases, thesetoSt-savings, as regards teaching Undergraduates, will
result in an increased coot attributable to research and'other.attentive
demands on staff time.

6. Conclusion

TILL r,sults of the st-ctlstical analysis point clearly towards a
reduction of teaching cost per student as course size increases and to its
carollary, an increase in the ecor.omic utilisation of academic staff
rosourses. These findings give empirical support to the analysis in
Chapter 5 where it was deduced from the course structure of various courses
that teaching cost per student would decline as course size increased.

The relationship between academic staff cost per student and course
size, is, as expected, not of a precise naturu. However, by taking two
possible relationships, it was soon that the possible savings resulting
from an increase In course size are likely to be substantial.

18.11
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It was pointed out, however, that these economies, though definite
as regards the teaching cost of undergraduates, may only ropresent a
divereion of resources into the other outputs of a university. Unless
universities reflect these economies by a progressive reduction of the
staff:student ratio as course size increases there will be no reduction
of costs to the university as a whole, though other activities such as
research, may increase,

1 4.12
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EITIMER.12

Summary of Princi FindUage

INTRODUPTIQH

1) The aim of tels report is twofold:

(a) to measure the cost of teaching students in different

courses, identifying the principal components of coot.

(b) to discover potential economies that might accrue

under differenteireueeteneefe: for instance, increased
enrolment, revised teaching methode, greater utilisation
of buildings and variatians of planning norms.

2 'The.study uses data from the UniVereiey of Bradford. Actual

costs over the yeer. 1969/70 are used in calculatiek the Present

coste=of teaehing, etPdeets, L calculatine eoeee in alternative

eituatieree, reforeace.ie nude to actual expenditero niece 1966 aedeto

uotieatec for the_quiaqueneium e972/3 to 1976/1 In the enen attention

is lieited to.undergradnate courses.

The report is directed both to national educational authorities

and to individual universities. On the one hamd, it seeks to

demonstrate to the Department of Education and.Science and to

the UnivereityGrants Committee, the areas in which economies are

possible and Wieder potential scale in relation to existing codts

It is hoped that it will be relevant at the time of determinIng
global allocations to universities. On the other hand, it

demon trates to universities ways in which economies might be

impleuented. Although the exercise has been carried out in the

eontext,of the University of Bradford, the methods employed are

of wider applicability.
4), Under the present system of Dritish university financing

. and p1anang, universities know in advance, suWeet to certain
specific exceptions, eheir ipeope-for a five-year period and

the approximate number,and type, Ofetudents they will enrol.
Cost-per-student for over the quiagizenniuth has been determined

-before the students areeenrolleee ,Once the quinquennium has began

.there.is ne way.to effect eeonomies (since revenue-end therefore

expenditure have already been fixed) nor is there any incentive

Tor-universitiee to. dceee. Tee critical time to achieve

:economies is therefore.before quinqueenial recurrent grants are

fixed 'and the power te do this ;les with the University Grants

Committee and the.Department,of eiducation and Science, not the
endividualaineversities. e,Thereafter univea-Sities must seek to

react to,such economies by implementine them as painleasly as

poseible

ITIE-14atar;t4. UViliFeSITY700STS (Chapter 1.).

5 )
There 'is no'Single definition of "eostle in relation to the

teaching of students. Tmo fundamental categories of the concept of

cost must be distinguished:

19.1



Cost in an "aeeeentieg" sense - an ex post allocation
of coSts that have already been sunk, to outputs that
have been produced.

(b) Cost in a "planning" sense - an 8-rit ate. of costs
teach are et ; present:.avoidable but which will be
incurred if certain decisions are taken.

'the figures put' to these concepts may differ 'enormously. Only
avoidable costs should be considered when decisions are being made.
Conversely, it is incorrect to use ievoidable costs elone as a
neasure of the resources devoted tp producing output.

A further important distinction must be-made between the
financial cost of teaching atudents (whether to the university,
tho U.G.C. or the publia sector) and the economic cost (to any of
the above or to the national economy ad a whole). Thiel distinction
is particularly' important 'in the ease of buildietge and equipment.
These should not be regarded as "free goods" once obtained, but
their cost dheuld be allocated to the students who use them over
the lifetime of these asSets. However, in taking decisions on
future policy, if there is existing unused capacity in buildings
or equipment, then it may correetly be regarded as having no cost.
On the other hand, if 'additi onal siiace is required then it is the
cost of' providing that new spac e that is relevant.

THE PRITSEUT COST OF COURSES (Chapters 2 and 3)

In measuring this the "accounting" concept of cost is used

in order, to measure the resourcee that are being devoted to

teaching students. An "economic" approach is ueed -in that the

ceet of capital resources, such as ,buildings and equipment, are
spread over the whole lifetime of the aseets but the figures do
not measure the true "opportunity cost", because the subjective
nature, of this concept calepee raj dr problems of measurement. ,
"Output-budgetine teehniqued aro used, to apportion the roosts of
resourees over the different; outputs (students on different
courses, research,' etc.) they' contribute to producing.

In allocating the coat of resources to different programmes,

the treabneet of joint-coste'has been a problem. .These are the
cests of resources, such as staff and teaching accommodation,
tjap:t contribute to reire than one -pregramme., 7-Iihus any single

member of academic Staff may teach sevora17:courses and pursue research.

In calculating 'econqmic cost.'per student these are dis.tributed
between Courses arid rescurch in proportion to the time devoted to

a4ch activity. "Altheugh this:achieves an' equitable distribution of
coats- to different outputs, the figure consequently- quoted as the
"coot" of a student en a particular course reflects, not only the
resources devoted to that course but also the joint use by other
courees of, those, same, resoerces and the time during which they were
not used at all. Any change- the extent -to-Which-other courses
use j oint-r esoerc es 2 thus affects the cos-t, of the course im question.

3_9.2
kat a t;
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9) A method of calculating aconoiiic cost per student on different
courceo le described in chapter 2. Costs are divided into:-

(I) Capital and naintenanc c c oats of-bni7dings and teaching
equipnent.

(II) teaching costs, comprising salaries of teaching and technical
staff and expenditure on teaching equipment and materials.

(III) .administrative expenditures.

(IV) library expendituri_

(V) student facility, general educational and miscellaneous
expenditures.

Uo allowance is made for the foregone earnings of students as
we arc not attempting to measure social opportunity cost, nor for
student maintenance grants.

10) Capital and maintenance costs comprise the annual interest
and amortisation payments imputed to buildings at 7% over 50 years
and the annual cost of maintenance. The ccst of teaching
accwillodation is divided first bethuen teaching and research and
then between different courses in proportion to its tinetabled uou
for these purposes. The cost of unused room-hours is allocated
in the same proportion.

11) The cost of academic staff (and their office space) is
divided between the undergraduate-orientated and other activities
on the basis of a "diary" completed by staff during 1968. That
proportion of time devoted to undergraduate-orientated activities
is divided between courses in proportion to the amount of ron.01
teaching timetabled for each course. The effect of extracting the
coat of the time not devoted to undergraduates is to reduce
academic staff costs by between 39;L and 53%.

12) Detailed figures of present costs per student on different
coursep aro given in chapter 3, and in Appendix 2. They are briefly
suwarised below. Since all the data relates to 1969/70, figures
of cost-per-student on a particular course foreally comprise the cost
of one first-year, one second-year and one third-year and, where
applicable one fonAh-year student on that course in 1969/70.
The costs quoted do not include the cost of that proportion of the
time of courses, ouch as teaching space and staff, that is devoted
to other activities p such as reearch

13) Total economic cest per ptedent varied between approximately
£20500. and £4,000 for laboratery-based courses (Science and
Engineering) and botwoen'approxiMately_g1,650 and £2,4000 for
Classroom-based courSes..(the Humanities and hathematics). AO ene
wOuld'axPeet, labceatCry.-based.coarses 'are bore expensiVe than
CIassroom-based.cemrses;' . in 'fact they are'about one-and-a-half times
as costly. There is'no., coat difference between engineertng courses
and pure science courses as 0=4. (Table 301)
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14) Canital and maintcnsnce costs vary between aporoxinatcly
VL50 ss.d. £1,900 (27% - 492,_ of total cost) for laboratory-badud
courses and ,-;550 £900 (31c; - 39 pf total cost) for classroosi-
bancd.conrson. TeachinG costs vary. betwcen £950 and g11150 (34
7 55 of total cost). .for laboratory-basod courses and £400 £750
(22');:- of'total cost) for classroom-based courses. The residual
cost, .sazIo up of admisaistrativs, library, student facility, zunural
and miscellanoous oxponditures,-vurius between appros:Lnstely £500
and ;:=0. -ser studsat. This ropresonts 13 - 22i, of total cost of
labors:tory-based Courses, but ad'unch as 23 % of classroom-

ad courass. (Table 3.1)

t1.1-.LuO Lfj

u:h in usncasa laboratory-bsned courses are s,f,iiroxisately
costly P classroom-bs.sed courses in both their ca4ts1 and
costss.theru sru very substantial do arcncos .bctwesn

c ours es.

: sribl: broadly to dividu costs into Hoverhcads" and
ircst costs arc thoso that are (Urectiy attributable to

a 9,:_rsic-s1ar courso s.nd ov.prisu:-

(1) Ussital and maintenanco-costs of classrocrus and teaching
laboratoris

tuff , nditures

tuchn sl atss uxponditures

derrtsicntal socrotarial staff uxp ncitures, plus c4taL
Co8W or all doparLisntal officss.

(5) toaciitn aquipont costs and oxpesdi ures on tes hinc, naterials.

17) Diruct costs for; only 66% to ZIO% of student cost in laboratory-
courses and on littlu as 35,; to 56% for classroosi-based courses.

Ov.irheLd costs thus represont a high proportion of thetotal cost pur
.stsdsnt. In absolute torus the relative costliness of laborat3ry-
1)asc,_71 cssrscs is i_ore mar's.ed is turns of di.ec c. costs than of total
costs. Dirsct costs of classroom.-based courses rars;e from
a,.srcrch, t-1.y .Z650 - ,C1,250 ,-,er student, whoroas those of laboratory-
ba d cos_ss se vary between 2.a3650 and ,C3,200 Cl.pproxii.ai;oly two
encia .11,1,-- es as much. (Tabio 3 3).

1,1 In luberat .7based courses, direst costs average Z2,424 per
Student . of Jacil theeapital and ;saintanasce cost of laboratorios
and,classrodms constitutes 37%, the soSt of sCadouic Staff 31ci,i,
of tochsical staff 15%, of equipiacnt and materials:12;i, and of
s proturial staff and non-teaching rocims 5%. FOr classroom-based
courses, diropt,e08t_is £1,030,, of which acadesiic staff costs
al4oust to,4.0%; capital.und.maintonancocosts of teaohinL spas°, 22i,,
secrotai:iai_staff,apd.non-tesehing rooms )4, OciUiPthent and maturials
l3% andiechnipaI staff-3%. A.litheuh,aaademic-Staff cost is only
Pl4s-tillr&of.laboratorybased.eonrses as: againit cinohalf,,of tho

-slassresm-,based coursos, in absoluto torms,it is half ap s:sCh again
(i..7.40.-pedde.l.nt as a -4.4St 500 ) Table 3.4)

. .
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20)

fae high cost of laborators space is noted On lndiviftal
:Laboratory-based courses.this varies between 339 per student (114
of total cost) and £1,338 per student (35 ', of total cost). (Appendix 2)

in-sandwich courses takin- two entries of stffiegts per year
cost on avora,w ap;:roxinately C3,250 ,2or student, whereas those
tins oray ore entry per year cost .1-'.3,800 -ccr student. Care s''ould
be taken In the interretation put upon this comparision due to the
relatively.mrall nix-Mors of courses in each group. It cannot be
deducGd t1,-.-% the difference in cost is duo te th i. fact of the second
intake; It could be that those courses that have two intakes happen
to be in1iLrently cheaper for oth,:r reasons (Mble 3.6).

!Izir nnrrelatod for each ]aLoratory-based course the total
An.1111;:r- 02. n.0 for, al teaching given to the course divided by

:z tadents registered for the course against each of the

Ntaff cost per stildent

(';')) tciln aceoiodatjon cost per student
( -) to tc.,1 direct-co:A per student

(4) area of teaching acee, wadation per s tudent.

Thor is no systematic relation with any of these itLms. 11otonly
dc.23 the total teaching load per registered student vary greatly
be-tue21 cour-ses (frol:t 17 to 74 hours per year) reflecting difrea-clno.ca
1;1 tha contac t-hours each ,studen t. receives and the number ')resent at
each teacIdx_.; ItootinLI, but the allocation of staff and teaching
accooCItion to schools of study to meet this also varies L;reatly.
Tie 11 ±CiJ C onsidor,thle differences in average s tuff teachin:j-loads
ancl in t1-13 dePree of utilisation of ;Leaching accoraLiodation between
ecools ;tufty. (Table 3 7).

STkirf 313:1.13111I11.4,,liTS apters 4 to 7)

22) nulAber of acadsoic staff required in a
calculated using a staff:student ratio. We describe
1:!thod-which Imes the' teaching .comaitment generated by

IaiUre of the number and cost of staff required for a
M,17; v!ethod is then fleed to calculate the'effects on staff

enrolment, chan,Ang the toaching utructure of
eoti::°ses the.ntuber and size pf lectures, clasboss

laberatery sessions and Increasing the teaching load
of Sto

2.72) Cho anallysis uses detailed descriptions of the teaching stru blare
of nine eea.-s,-;s given by the University of Bradford. It is hampered
by Vie; ,-)zence of either a clearly defined working week for academic

Or detailed knot/ledge of the actual hours of teaching given by
s eifi-erent Schools of study.. T40843 problens have been

721;-.0;1 1.:Iy some averagina of teachineloads found in a survey
(At:, in the University of Bradford in 1966 and by the use of a
beaching load that'would be borne by staff if staff:student

Intios in the University'of Braqford were equal to the average ratio
of all U.K. universities in the appropriate subjects.

19.5
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24) e method adoptod i s to analyse the teaching structures of
existiecl courses in terms of the number of hours of lectures,
classes, 4utorials, laboratory sessions and project supervision
givca to each student ("contact hours") and the maximum number of
students that may be taught in any ane meeting of each of the
different types of fieeting ("group size"). These group size
maxion are determined by the relevant professors and represent a
control on the standard of educatien. Using this analysis of a
course in terms of contact hours and group sizes for each component,
we hav2 calculated the total.number of hours teaching that must be
provided at cach level of enrolment, or ith alternative course
structures. liext, given a standard annual teaching load per member
of staff, we have calculated the number of full time equivalent
staff required to '6each the course, and their cost. Certain economies
associated with expansion and alternative teaching methods are

In order to overcome the lack of definite data on teachinf;' loads
of staff and staff:student ratios for individual courses ( as opposed
to Schools of Study) a Staff Cost Index is defined. This Leasures
the an.bez.. of hours teaching provided, divided by thc nu.Aer of
students enrolled oa the course, and is an index of changes in
staff cost per etudent and in staff:student ratio resulting from
chan_ee in enrolment and the teaching structure of courses. It is
strongly recaof_euded that cons ie,cration be given to ueing thin concept
of the Staff Cost Index ae an alternative to that of a Staff:btudent
ratio iv a2se'ising staff requirem-nts ior prtjtn11,2" coUrses. The
index is defined as

SCI =NR.SQ.1.0c2
klq.Sp

*Acre q relates to tho original enrolment and course structure and p
ie any particular changed situation (either a different euroIment or
a revised course structure), li represents the total number of meetings
to be provided and S the number of students enrolled.

EXPaLl5I0h ,i11101.1d1112

2() Hero ue hold constant the contact hours r ceived by each student
the grov..p size malama and the average tovching load of staff, and
consider the effects on staff requircIllents and cost of expaading
enrolpent on nine courses separately. It is assumed that work
ancillary to actual teaching, such as prenaration and markins
increases in direct proportion to the number of teaching 1:eetinas,
although in practice it is unlikely that preliaratory work will increase
to this eNtent. To this degree, the results tend to underestiaate
the potential eco

Study of nine courses indicates oubotantial economies in staff
'3 per student as enrolment expands. The Staff Cost Index falls

as c4rolment increases indicating economies of scale. A given
increase in enrolment generates a less than proportionate increase
in the total number or teaching meetings required to maintain the
course structure unchaned. With a constant staff teachinL; load, the
increabo in staff numbers is less than proportionate to the increase
in students enabling 4 "deterioration' in the staff:student ratio

19.6
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and a fall in stafi cost per student, without either nipairing thequalit:: of educa-bion Virouz;h altering the course structurc , oriucreasin the averae teaching load of staff.
The fall In the Staff Cost Index as enralaent reass iSnunctuated by sharn rises at reinolar intervals. These -n-Jriodicjm,ps j_ve tho Index ,a characteristic "saw-eenje" shape, and theenrolent levels at which they occur correspond to thc points atwhich particular series of meetis ,iust be repeated. In 1:anycourses several elel,ents of the course 1,ave the same maI:waroun size, Cal-Mil:IL; very big Increases in he number of weetinL;s attheo oints. Often enrolment Laist be expanded a considrablo waybeyorid one of thu-ye jup-points before the Index falls baci.: to

its value 1.1,Lnediately bef-sre the juilp.
29) The ,oints at vhich these jumps occur differ hstueri courses.In the courses studied they varied betweenItultiples of sixstudents und multiples of 50. In considering ex,-;ansion of nm!bersit is therefore essential that each course be studied individuallyto identify the optiLuig point to whien to expand - i.e. to a levelof enroL.!ent corres,.onding to a trough between the peaks on the Indexcurve. Expansion te other levels could well result in a greaterstaff cost per student than tIte,Q1-Eresont one. Thus a strict doublingof nuabers on all courses uould result in much smaller economies

than apiro_zil,kate doublings to carefully selected points where theStaff Cost Index is in a trough. In considering in chapter 14specific proposals made by professors for the next quinquennium wehay.; found some canes where the enrolment postulated is less economic(in terms of staff cost per student) than the present, alahou0! in
Tany canes the asna.asion chosen renresented a relativelyoptimum point.

30) Over the nine courses studied the Staff Cost Index falls to
between 52;,., and L2;:, of its present value, when enrolhent is
annro:.-±atcly doubled to an optii,uv, point. £hi inplios tnat

percontaL:e reductions in the staff:student ratio 'and inacadeleic staff cost per student will occur.
The weiahted average Staff Cost Index for' the nine courses is 69.Thus if the sa;dple of courses chosen is typical of all universitycourses, then the overall weiohted staff:student ratio for all U.h.uaiversities and all subject L;roups, which in l96V69 tias 1:11.57,could, in association with the postulated ex)ansion, "deteriorate"to 1:l`L.7l without f_ _nntring teaching standards or increasing stafftoacbi load.

32

T'/is saving in sta.C.0 cost Incans that the economic cost par
s tuden b (excludinz cos bs at tribUtable to research but includingannual cost of buiVings and e pipencnt) would decline with a doublingof students by between 5.05; and 13.Pio for individuca courses. Theweiyhted average saving for the nine courses studied is 7.7%. Suchsavings z_re wholly in recurrent ex)enditure.

The total annual financial savings in academic staff ezpenditure(the full cost of staff includinzl; that attributable to research) tobe obtained by the postulated oxpar_sion, nay usefully bc measured byco,q3arin:; the total staff, cost that would be incurred if expansionlick() backed by a constant staff:student ratioy with the cost incurredby expansion maintathing a constant teaching load per Liewber of staff
19.7
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and allowing the staff:student ratio to teriorate" Thc totalannual eavine,for the nine courses at the increased level ofenrolent would bo :V/G,OeC or £520 per stedent over the fullleneGb or the course. Table 5.6)
3 ) The expansio.1 of student

nu1l:K:11-s envisaged during the nextquinqueneiva can bu met by.a
voreening of the staff:student retio.Consideratio-1 should be given by the Departeeet of Education andScience and .,.he Univereity

Grants Ca,d_iittee to the usc of a teachingload basis a: apeossine ueiversitiesi requironents for acadceic staff,rather than el conetant
staff:student ratio. 4e are aware of thepossibility af professors intensifying teaching in order to obtainmore ataff but insofar as the expansion is of oxistine courses taughtin the same uay au at present, this danger does rot arise.1eite2i1ie ceistiee courses on a teaching

load besie rather than astaff:otudent ratio basis is a eajor source of economy.

3()

R.LeleIGIieGealaCla.aG STRUCTURV. ov golws.
iely changes lu tle total nukiber of contact hours incorporated ina course ceases a directly proportionate change in the. number ofmeetings anl in the full acadenic staff cost per student. A 20%reduction in total contact hours causes economic eont per studenton eieht different

courses to fall by between 3.7% and 662%. or onaverage by 5.1%. This is a oubstantial savine and 1.:3 meinly inrecurrent axpeediture. It will, %mover, have implications on thequality of education afered and iiay not, therefore, bo academicallyacceebable

The ranee of optional subjects available has a substantialeffect on cost per student. Reduction of the range of options bytwo, causes oavings of between l'et and 4...C4 of total econoeic costper etude-It. Conversely an increase in the number of optionsincreases cests(bY 4.34 in one case). Cense uently care should betakee to avoid
proliferation of optional subjects wherever possible.

Iacreasing the maximum size of teaching groups has in eost casesrelatively little effect on oconaoic cost per etueent. On one course
a 60% increase in eroue size maxima reduces economic cost by 5.7but on eo other conroo was the reduction

areater than 1.7%. Holrevereconomic cost is more sensitive to a reduction in group sizes and a40; reduction in the size of teaching groups causes increases ineconomic coets per etudent of between 8.0% and 12.0%.

The effect of altering the balance of different types of teachingmeeting within the existing total contact hours, varies considerably
between courses. The replacement bf lectures by more classes andtutorials of the same size and in the same proportion as with theexisting'course structure causes economic cost per student to rise bybetween 1.2% and 48.5%, or on average by 13.0%. Replacement ofclasses by lecturea

and tutorials causes economic cost to increase by0.4% and 36.1%, or an average by 9.9%. Replacement of tutorials bylectures and classes shows savinga In economic cost of between 0.4%and 365%, an average saving of 2.7%
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39)

ll:GRA?JiIG Saff 2,2....a.ChILG LO4D

1[ere the averac teaching load of staff is increased to various
levels in excess of the present, averae of 210 hours pr year (260 in
Social Sciences). Ciourse structure In ters of contact hours and
grew) sizes, is hold constant. Substantial savings are :.ossiblo but
would Lf.?ose great burden 'on acadeTac staff. Thus on nine courses
coAdereq, a 25 increase in lood at the present level of enrolLient

o 265 hours por year, aua to 350 in Social Sciences) would give a
total saving of 27 staff, or g93,u(JO per annum. A TY/J increase in
teachin.: load woulci. save 5e star:L or f:201,CC,0 pr aunuu.

If associate0_ with an'approxl,ate doublin_ of enrol_nt to an
o:tfolij point on the Staff Cost Index curve, a 25;L increase in
teachin:; load, would save a total of 41 staff over the sine courses
couoared with e::,}ansion nain t.aiuifuig the teachir:s load constant) or

per oulum- (Table 7.7). A 50;, increase in teachivL load
associatecl with an afroxi,itatc douhling of int-ko, reduces the full
ace0.e,;:ic staff cosi; per student by between 46p and 65',,; on different
courses. (Table 7.C) .agninst such savings must be set the loss of
res,_arc:1 output that the non-a-,3vointed staff would have produced.

40) In terkis of econol.ic seats, an increase in -sachisg loud will
llot in itself achieve any saving, because staff must be compensated
for their extra t.eaehing. This can be done either by increasing
-Voir reLnnoratioll by the sane pr000rtion as their teaching load,
or by correspondintly reducing their research activities. In the
first ccmc the extra financial expenditure via -ilaintain cost per
student at the same level; in the second case 611c proporLion of
tille devoted to the course as odtdosed to other activitios (and
therefore the proportion of staff cost allocated to the course) will
increase, and maintain cost per student at the same level. Only if
duties ancillary to actual teaching, such as )re.daration
increase loss than lropertionately to the hours of teachin;; will an
increase L. teachil4:: load cause a:y reduction in economic cost per
student.

41) If t ing-load is increased at the expelse of research
activity there will be financial savings but no-reduction in econelAc
cost 1)_r student. Output-bsdgeting tecniquoe higLlibht Lhe
trasefor of resources from research to teaching. Thc actuoi
'resource-hours uSci.2 47or teachinc; each shtd=1;nt do not faIl. Insofar

--as thetriority--is to increase underzraduate nUmbers without
equally 1.11croasing m:;3eilditure, thL11 the,loss or research effort
.may troll boan.aecopttable price. Then; is no prima facie reason why.

--Ameause.- the butput,a,reduates is to be doubled, research activity
-dhoUld al00-bo douhld; Yet the maintenc,nee of a.constant teachin
,-Iondthrou.gh a- priod- of'expacoial, provides the resOurces.yAeces:!;ary
ror-this. Furthore, kecTik; a-constant staffsstudent ratio
allows teaChing lead te fall, thusIncrpAgiauthe proportiw, of staff
tin.,eilablo'fibr-rescareh D.L.S. tlust ahswer the vital
OUestion. of Whetherthe notionfor everk £1',000 -spenton
additional starf to teach the extra students it wants, also wants to
spend a rUrthcr gi,UGG on re --Irch.

9
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AOL,LhleUDALTIUI: Aaaptc4rs 8 to 11

General pir-oso teaching acco,modation (lecture tlioatr
clas)roofAs and cirawiLl, offices) are used on averaf,e only 19 hours
per w-ek. Out of a tdtal of 3264 roou-hours avaiittble in a
standc.rd teachiLL; we,:;lz -of 32 ijours, only 1915 (5Li.7) exo actually
used. ;1.von allotrino for ,the practical tfrietablinL-,- probleins
this awc-rs to be a low lovol of utilisotion. (Tables 8.1 and 8.2).
Furth-o.I.ore in 1:_ost school's of :study teaching continuos for only
33 iruLCz.e a. the yo:Lr, althouh in soLle it, is carried out for 42 week

43) The ei,ht draWifg aficos in the university are used for only
23;5 of the toLuo. Otherwise there is no significant diCference in
utilisation between rool.,s of different types and sizes or in
difrerent 1,ui1diLs (Table 8.2).

44)

45)

46

It 11,:,0 been difficult to obtain datet on the utilisation of
teachi, laboratories os they aro not tilietabled centrally.
In five sci ools of study for which data 11.:V3 obtaill00,2 the averaso
utilise.tion was 414,. It is froquently asserted that because of
the -ed to prepare experiients aod the long tiet period over which
ooL:e of the., run, it is Jo-possible to utilise laboratories nore
fully t;':' at .present. ILf5Joist this, it ,ust be noted that
lo.'_:orateriue are _11.Ply extiensive to construct, servico o.nd

It is ,lesirablej th-r-forep that, t,Ley be used
intensively to apread the coot over as any students as possible.
(Tata( 4,3).

I_ t proved possible to devise a L easure of the "capacity"
of laboratories, le. the uay that the .1111_,ber of scats ! ea sures the
cz,acity of a lecture row. This is bec,tuse in different years
dirferei± c curses students liay work alone, in pairs or in rii.a.11
groups. For this re,.son, a.d for theLt glven in the previous
po.r_.:xaoh, it is at vreseot i000ssible to judge whether or not
laboratories in different subjects _Ire being used officionitly.
Since the cost per student of lat,eratory sirace is so great, further
rasearcl ii,to the factors affectiog its use, ef. the aroLs required

subj Lots , would be ii,valw_ble. Gooz.parative studios of
particulor subjects 3oa several ul iversities would be au essc,,tial

t of such on investir..;tio;1.

The uoivursity already hr.o considerably lore g-nural purpose
soace uid loboretory sace th:a its V:ooreticol entitlei_ent

under s_zotsting U nors.:s with current student ntb_lhers. Taken
witit t; - lo levels of utilise,tioo found in practice, this throws
doubt oo the validity of soe of. tha U.G.C. noras relating to te-ching
3_,Iacci,, Indeed it questions the validity of the whole concept of
i_orus s;..)ace directly to studcut.i.th_b.ers. Space requirel_elits

ten_s of squz_re fuot-hours) can be ca1cui-ted from the tuo.cZling
structurk) of,courses. It- would therefore be nossible to require
iivinual universities,ruia auvart. Lents to justify their to:telling

requirel:ei:ts in ter, I,. or th(...y will Tovl
instea- of oil ply on th- nuttb,,r of stud(..iits.

1240
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47) At n tiuo of ClatpatUTiOny C-001101AG5 eau bo obtained in cost por
studunt by teachinz tLe-o.dditional stuaents in cntistiu.buildis,
thus s-2roadinu ttle ali:o total cal-Jital 1.;,A.JITInce cost I.,oro

Thu sz.vis aro roalisud through avoiding thu oLLpitui
cost of .::.H.now hu LLi1a and its- associated i-1tatenance coots.
Thu a-.11-Alitonancu cost of oxistin8 buildis will show little if any
increase, oven thout;horcHistudents aru

In t1,0 cse of ono school of study at present with the
onclusive use of its own buildin, elarolnont could bo trebled
without techinc:; ACCOL4.0J'atiOD WI".011.11 70'h utilisation in the.
e7.cistirL 32- hour Tho effect of this is to ruduco the total
u6oLoic cost per studont by 16,6: (Table 9.3).

49) In five other schools of Study uo hve calcuiatod t 1:41,1:bor

of stuts who could bo tauht-usin oxistin -laboratories for 80*A,
of 32 hour wook. This would requiro classroous
if 01:e --SOIL.IUS tht other sahools of study in the university aro

o:cx.uidiJq; -b the sas rate. Thoro would bo sufficient rooms
of t.l.dc:r'20 seats anf. the aoi.iLlud for roous butwuen 20 1:-..nd 60 floats
could bu i.et by auount of use oubside the prurient rc..1116u of
32 hours. It would, howuvur, be nepossary to construct nuw rooLls

of, rore than 60 salts.- 11.ssurlinL that thu ufLatiom_11 spaci_i is
provieJ the preowlit,cost per square foot amis that a31 other
iteus of cost. increso 1;u-o-rain with the nunber of studerts, thon
th,; total cost per stivlent will be reduced by InAween rt; and 19'i;
Talo 9.10)

50) .
The :12 hour stailti.:xd to:Lchin weok is not iilkAitablu. 1Ju.hve

T:Jostul7Aud successive ei,ttensions of it to 40, 50 and GO hours pur
week. Pas doos i..uan that staff wor lon:jur hours, but thf.t
their fore1 to:Ichin is spread ovor a 1onor -1;oriod nd
laborAtories and classromds are ir USe for iJoru hours pur week.

osch lenth of 1.1%,oh ITCJ iv-we calculated hu nui:.ber of studonts
tht could bo tau&lt in oxistir! 1Lboratorics, the additional
elourool..'roquirounts and thu.revised costper-student assuuinz
ar're ta Increases ,in .1_11 other itel.:x1 Of cost. Act 1.10 utilisation
of laboratories wver a -],0 hour Week,: the '6ota1 sconoixic cost-por-
studont is reduced-by betwo-en 10 4 and 24A. Table 10.4

51) There .would be practima.7.:..robleus in increasi thu doLroo of
utilisation and oxtoudinu the -1C;fiyth of tbd ,,eachiii!:; week, such as

diZficulties'and the need to inducu staff to work
outsido ths conventional hours. lowever,the. potential suvinas in
0 ost studont and-,the hich COOt of now loulidinCS I particularly

..,,laboratorios orovide n injor inn Gntivo substantially to increase
the 947 c tudonts using cseistinr, teak!. hing aoco l-,
Vurt40-2 r cisnarch is required 'into the ort.nisation of t cashing

'ol;U:L..TJ and Into the acitantagos and prbbl-olls of '..oztwIding the
teaOhinj1.1colc. ith -potontial sdvinas of 10 A:r. to 24; of cndstiri
unit outs 6 there; is. scope 'for oloquatd financial inducouont to
adddc;.:ip . ,Staf 17 to tr9aSh outsieto COnventional hours, and_ to Lacrosse
technical staff v.:stc:slisili.-:ont 1:101Q than prorata with the increase

..stUdentS ui dur to fadilitate utilis-.:Ition of
labortora,000 .
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At ::-.resont most uhivorsliw to:.4ching accoLlolation is In use
for only D:7; weeks of tho year. postulcLte an alternc.tive
s.rrt.of aca<;.eh..io yus:r which involvus usinE; tuachipz
ancood-Atien for 4 !CQ1.Z3 of th:. your and 44 hours per week.
Thin ?ers two int.15es of studonto psr year, ,ech.of tho sa;ie
siso ;7's ti preseht onui. without .4.i,xtkidin ths rumber or yuars
rc-cluire-i7or a stud.ont to fraduto. Douiplin the throuOiput of
stadets'halves tha cost por stOde:A of laboratorics and classzoLiv.
It is .assuod that the nuLJour of acadunic staff will be doubled,
thus MIntaininL; irusont staff:student ratio-nd tz_phitli.; loads.
It is.recoLised LiLt thuru aru ]aray probluLs to any such re-
arran::,-eht of thu yocx but it is e:_Thasived thL:.t three
uLdur:::rduate courscs t the University of Brt.v:Iford airoady !Javp
two iak.s per.year au1 sovoral others overlap the secolZ, .1o1J
,thirl years of the courso in uliL:r manner.

Altern:vtive cLaculationu of post pur otudurit %avo'h,A.In L-ade.
UnJsr a essimistic sot or assul_12tions all coots, other thcsp those
of tuacbin accommociation are doublec:10 i.e. thoir cost per student
is uaychaud. This tAves rcducticos.in cost pur student of M to
l2:>,; for l;7.borator:y-.bs,sud cournes and to 7,. for classroom-based
courses. Under an optiListic sot of assm:vtions (no iscroasc in
library 0.ntl studot social facility spaco arid only 50;',, increases
in techDicl staff ex.:)endituro.and equipnunt and Liaberi;Lls costs),
cost lp,.7;r -student falls botweon 14. 211:ii for labor!Atory-based
courses :u1.0 1%; a.-19fi:; forcl:i.soroaa-bused.courvos. (Table l0.5).
8,:win5 of this or:tur justify further duts,i1._,d invostiation in
LaCavidual ulavers-Ities of tho scos for cporating a doublo

Uhun now buildino do becmau necessary, cconolAcs :lay be
achluved ii two t!,lys - by reduzing the-oriinal capital cost of

: i:LdLa and by 1:Jatchin tho ti:e of th construction of uw
lAorf:. closely witr) the i,rowth of stud:nt sumbrs.

Mere is limited scope ror roduction of the oricinal cost without
sevorely impairin uSsontial fcilities. von if a savisof 10i;
could 7:Jr.;:iniTo tho capital coot of buildillLs and nen-teachinL:
uziuipent the roduCtion in ocono:Ac cOst per stuent would bo
bdtwUon only 1.7 3.1$ of tho prevent cost of differont coursoo.
such. oavis rc vQX7'sriall co:Apared with.those possible t;:trow:p

sion of student nu::.bers to tIchieve ;:5roater utilisation of
Tablo 11.1),

4Thors is. scopo -xor some ecovoDy by tiiArRs the Introduction of
now buAldin.Lsto_match, mbro clpssly tho zyowth of studsnt
It- is difficult to avOid:sore Undor-utilisation i)11 the firs two or
three years uiltil,tho incroasod ixItaks, have worked thrmil;h to all
;i-egIrt4 of the course-A In practici,1 this-initi%1 urijutilir;atiOn
-16,ra,:7:.tod by a statogy Of_gradual expansion of intake over the,
whole quinqUonniuM... The us0-01 pro-fabricdtod and uasilv extendablo
ba1lOinz2;s-Couldbe-Uoeful but would ilot be aftaicablu to laboratories.
There is also c.caso durinz a ti e .of ex-cansion for a pool of ronted

acco.-oation- on short, Ions°, whom avaiIabld;Suitablo fcir uoneral
pLryxise teachin4s accorlmodation and officds, This could bo
tronsferrod botwoon dopartwonts as roquirod and 41isposed of wh,)ri no
lOner nouded.

-3-9012
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5,f))

There is also a tro::3 case for delaying new col_struction
deliberately ovelcrowding edstiiç buildings bell.porarily
beo!porarily extundioi,, the lonath of the teaching week) nEtil there
are sufficient Etude:Its to achieve a reasonable level of utilisation
io -uhe row

TECIT5aCAL .11 R-41,1ITS Chapter 12)

fecholea1 staff arc supoosedly allocated to departi-enbs in
accorL:aoco with norus reloting their nulobors to the nuaber of
ac- :ic .,tafl. In practice wide variations frou the norL.abivo
o uilbers are observe6. in Nost departioents. Even with a weightin, for
differont oxados of technical staff, there aro still considerable
dii:forerc fro), the norms. Tables 12.1, 12.2).

57) Jo consistent relationship is found between technical staff
n uoibers and stud-ot oumbers (whether posturaduates are weinhted or not)
in di.Li'orent deTarluots. The full financial coot of technical
staf;' ir weighted recistered student varies substantially. For
laborz,tory-based courses it r-q,ed from 4:66 per student to £155 per
student. Table 12.4).

58) Thu oui;ber of teolloical staff is not coosistently related to
the :113.0) r of hours of laboratory tcachi!t1 Liven by departuents.

A very close correlation (0.9537, significant to L.) is found
Letwoo technical staff, weighted accorciAng to grade, anC, laboratorL
area, 1111011 research laboratories o.: weizhted 3 (in accordance with
stan.aard U.U.O. uoihtioL; of soieoce postgraduates). Tho foromla
derived siests that,.oa average, dopartoents &..; the University of
BradZord require one techoical staff for each 1,600 sq. feet of
toachia laboratory or for each 540 sq. feet of rosearc- laboratory.
(Tables 12.5, 12.()-

60 ) .nce research laboratories are 1,ore inte!tsive in their use of
techLicAl staff, jote4tial econolies exist in increasing the
f,roporioo of teachi/; to research laboratories. EcohoMius Jay
also bo otto_ined by increaeiro the arca of laboratory space serviced
by each techficiao. Provided ther is under-utilised capacity of
either teachiao or research laborc.tories, it is likely that exiJansion
of u_4er radoate ruobers will -ot require ar:ditional tuchvical staff.
Furtler research ilto the workload of techoical staff and its
relationship to the do ree of utilisation of laoratories would be

CUiTIZG.plY DEVIU,OPLii:Of 01:WALS (Uhapters 15 o.k1 14)

-t.11-.ies have been 1.:adeof a nuiAbor -of proposals uaeio to the
Acaaoilic Plannin .600.iaittee for the expansion of .existiog courses

_ tho noxt quinquenniunt . The increuental costs of these
oroposals wore calculated .on the basis of orofessorsl oun esti:oaten
of resource roquiroerits: for the expansion, which were not uado
witl!. any deliberate'aim of reducing costs.

19.13
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62) á1 CCM:ton factor in all these costings is that oconaolos of
scale arise throug% fuller utilisation of existing clIpacity.
Overall ai increase of 66X, in the nuaeror students on the six
courses.considere(i, can be xet with an increase in total cost of.
only 14. .11.verao cost per student falls by between 19,4 and 712;s:
the av:jrae fall for the expansion proposals, Ileiithted by student
La:hers, is 31.

63) There is om.io evidence, thoutst not conclusive because of the
relc.tiveiy aw-3.)er of cases, -that the ::.;.reater the rate of
increcl.se in Student 'ntCoors on any particular course, the roat.r
will be t11,,; rate of rcLll in avora3e cont

Tho roduutions in averae Cost resUlt from the small size of
incremental sect zero for one course and varying up to a3G5 or

. _.suLe:It-year on others. Increl..:ental cost 5roa1ly reflects the
ourre:.lt cloree of excess capaoity- of spocialisod resources -within
the relewu-At school of study. fhis dereo of excess ca,)acity is
laroly the result of past decisions on resource allocation.
-aus a school of study whieh has Leen well -.trovided for in the past
and AJlw has considble excess ce,--city will 'oe.able to a;s0L:nd at
little oxtr:-. cost, whereas schools x.itich have been'only Lq3destly
:provided for and are DOW operatlna at or 11o0r full capacity, will
be coy to oxpal.ja.

65) 1.Purth;r economies can be achieved by lluiting the extra
resources asked for. Ia Lost cases, additional acadeic staff
for ud the larf,est eleent in the' incremental cost, ana reduction
of the :Tr,:inal staff:student ratio (which in practice has a Lush
sicaler effect on the averge staff:student ratio) results in
cosidorable reductions in increnental costs.

(Chapters 15 to 17)

Cha)ter 15 cosiders the -,otantial role of computerea
in anivursity planning a,nd the various fonds these L.odels take.

.

_Cho ,ossibility of usiri one of these existi:vg uodels to assist
paa.;nin- within the University of Dradford is rejected ou the
:roons that :.odols are all based on the characteristics of particular
institutions and are either too trivial to be of real use, or require
such an enorr..ous data base as to bc iwracticable without a com-futer-
based ,.auagetlent 'cremation system.

67) In chapter 16, tuo apeciall,f design d for use at the
University of Bradford are described. One is a static Liodel and
the other a dynamic 1..odel relatil.c to a quinquennial planninf; period.
In e,..ch case it is possible to vary both al:solute values of inputs,
e.L;. staff nt.t..bors2space, prices, etc. and the relationships betwe,)n
these factors, staff:student ratio, sp,ce per staff:bor, etc.
It is thus -)ossible to calculate staff and space requirunc4ts and
costs far a nut..ber cf alternative sizes and patterns of student
population, under varying values of planninc, norms.

66) ChaDter 17 contains prelinary results of using those mode
clu.oilstratinas

19,4+
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(a) aleir usc in calcul,vting additioa1 resource requirements
for expansions of courss and introduction of new courses,
retainiiz current values of norms,

(b) their use to trace the consequences of varying the noris,

It is hoped to cobtinuo this Tine of research in the future
and to assess the i_xactical Use to Which such :models hii,Yht be put
in 5ribish universities.

i.G ECL&O-L.Ii0? SC.ALL (Chapter 10.

A cross-sectio,lal study of the econoxic costs of all under-
-r._:.uate courses in 19G1./70 suL,ests that ccono.des of scale do exist.

In interl,retinz& the results it -ust be reL_cmbored that sol.e courses
;Jay by tir nature be cheaper th-n others, re3areless of size.
fhu 1.etf-od bf ck.:lculatinj coon()) ic cost per stn0.1-nt (es)eci;lly the
ca,Jital cost and ceLtral univer,Jiby expenditur,_s) n-Les it 1. possible
to rcl,:te total ocooeiAc cost to course size. Consequu, tiy the
ali.Laysis is restricted to teachin.,e, cost peer stud,..at.

7(J) C.rer all the triderL:raduato courses there is a neL;ative
relationship between t:_aching cost i)er student and course :Az:: but
it is a veal.: one. If laboratory-based courses alone are consid. rod,
titer,. is a Imuch closer correlation, vith thre ,. courses deviating
sulztantially. There are apeciza reasons for oxpectinc those
three.courses to deviate and without the.1 the correlation stremrsthens
further.

71) The cost per student of teo.ching 1.ateri,Ils and oqui-pLent is
nut closely related to course size and if only acae,e,dc and
technical staff costs are iPcludeds the relation to course size
becomes ;.5.L.;hly sii,nificant. These findin2;s stronL,then those of
chaptor 5 where it ia asserted tlLat expansion of existing courses
could 1],a accompaniod by a worselana of the staff:student ratio and
a fa;l in stria' cost per 0budLnt.

COI:CLUSIOn

72) 'Oe aro anxious to make the rc;s111-11a of our research as widely
available as iJossible and to ensure that it is of practical use in

universities both in ',.3ritain and overseas. Anyone wishin;:- to
Imrsue the ILatier 10 invited to contact us at the Project Flaullin

Centre of the University of BreZtford.

190_50
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APPENDIX 1

liatingp and overating instructi,ons

These will ;;hortly be availabio and wt1I 1,- obtainable from
the Project Plan, z Ifivo'.724, of Brcford.
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COSTS OF UNDERMIDULTE COURES
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COSTS OF MANDING UNDERGRADUATE
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iIPPEVDIX 3 Table 2 iLFeLl -r BIOTCGY - Sensitivity Tests

1971/72 1972/73

StirIent Numbers Total

Incremental

126

0

138

12

3,141

261

6,264

522

77

6

800

66

152

14

164

12

£10,248

370

6,740

29

396

15

1,400

25

174

10

£130188

294

8,709

196

638

24

11700

30

194

20

Staff TVC 530

0

0

0

0

0

0

43

5,805

190

6,392

9

209

9

1,100

21

£17,831

232

8,901

9

935

14

2,000

15

IC

commodation TVO

IC

,Iguipment TVC

IC

Materials TVC

IC

A.ggregate TVC

0

10 282

855 229

18,784

439

24,235

514

29,667

270IC
--

Aggregate LFSS TVC 0

0

152526

348

20,766

263
Accommodation

IC
(See Figure 1443a)

Aggregate LESS TVC 0 9,405 12,197 16,98$

399

21,897

480

26,732

241
Equipment & Materials

IC
(See Figure 14.3b

RIMMING Technical Staff

0

°.-- --..°-

3,520

293

5,115 9,558

370

12,223

266

15,016

139

Requirements

Staff'
. TVC

(See Figure 14.3c) IC
I-,-, = ==

ggregatt Tvg

=7.

0

0

=
10,661

Va
12)816

152

=
18)094

439

.,-.. ...

23,270

516

_ r'",- 7-=

26,852

177IC

Note: TVG = Total Variable Cost
IC' = Incremental Coot per Student Year



PF2.4DTX 3 Table 3: APPLIED BIOLOGY

the Ratio

itio

1

(1)

Total Increase
in umStudent N
bero, 1972/73
to 1976/77

Annual
Total

Additional
Academic
Staff Cobt
(1976/77)

(3)

Annual
Total

Additional
Cost

(1976/77)

(4)

Incremental
Coot per
Student-
Year
,1 (4)/(2)

- Change in (4) and
(5) ePOM Planned

Coot

(6)

annod

:10 60 11,303 ,290667 436 ---

- -

:10 68 10031 28,203 415 - 5%

:12 68 3,435 26,479 389 -11%

:15 68 6001 24,317 358 -.18%

:10 60'' 4,706 22,594 332 -24%

:22 60 4,786 22,594 332 24%

:25 60 3,190 20 t,70. 307. -30%
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APPENDIk Table 8: INDUSTRIAL TECHNOLOGY AND MaNnGEMENT
Sensitivity Tests

1971 72 1972/73 1973.74 19' 75 1975/76 1976/77

Student NtImbers: Total 96 130 159 192 222 252

Incremental 0 34 29 33 30 30

aff TVC 0 4,534 11,493 16,280 21,273 24,464

IC 0 133 239 145 166 106

_ ommodation TVC 0 0 0 0 0 0

IC 0 0 0 0 0 0

_quinment TVC 0 4A0 1,265 2,090 2,090 2,090

IC 0 12 28 25 0 0

Materials IVO 0 100 200 300 400 500

IQ _ 0 2 3 3 3

AGGREGATE TVC 0 5,074 12,958 18,670 23,763 27,054

IC 0 147 270 173 169 . 109

Aggrewate LI S Equipment &
Materials ee Figure 15.10
a)) TVG 4,534 11,493 16,280 21,273 24,464

IC ' 0 133 239 145 166 106

REMOVING Ancilliary Staff
Requirements

Staff- TVC E 0 3,190 8,435 13,222 161871 200060

IC 0 , 94 i_ .181 145 166 106

AgarRate TVC 0 3730 9,900 15,612 19,361 22,650

See Figure 15.10 b IC 108 212- 173 169 109

4ote: TVC = Total Variable Cost

IC = Incremental Cost per Student-year



APPENDIX 3 Table 9: INDUSTRIAL manic) y AND kit',N,WENLITT
Varying the Sta.- :St Ratios*

Ratio
Total Increase
in Student Nos

1972/3 to 1976/7

Annual Total
ixIditional
"cademic Staff

Cost

Annual Total
Additional

Cost

Incremental
Cost per
Student-
Year

A. Change in (4)
and (5) from

1:10 ratio

o (4)/(2)
(1) 2 (3) (4) (5) (6)

1:10 156 £27,247 £34,239 £219

1:12 156 25,537 32,529 209 - 5%

1:15 156 20 866 27,858 179 -18%
1

1:18 156 17,215 24,207 1 155 -29/L

1:22 156 13,566 20,558 1 132 -40%

1:25 156 11,970 18,962 122

SoUrce of Figure 15.10(c)
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APPENDIX 3 Table 11: HATHEkATICS ArD STATISTICS -- Sensitivity Tests

1971/2 1972 1 7 1974/5 1975/6 1976/7

S udent Numbers: Total

Incremental

Staff TVG

166

0

0

0

0

0

0

0

0

0

187

21

g

60840

325

10086

51

'943

44

,300

14

225

38.

E

120085

138

2,201

29

1,016

1

1,275

25

247

22

c

18,811

305

, 0650

20

10016

0

1,500

10

264

17

E

20,406

93

2,779

7

10016

0

1,575

4

274

10

E

22,461

205

2,887

10

1,016

0

1,650

7'

IC

..ocommodation: TVC

IG

Eaulment TVC

I'

Materials TVG

IC

ggregate TVC 0

0

9,169

434

16,577

193.

23,977

335

25,776

104

28 014

222I0

Aggregate LESS TVC 0

0

8,063

383

14,376

164

21,327

315

22,997

97

25,127

212Accommodation
IC

(See Figure 14.10(a))

Aggregate Lgas TVC 0

0

8,226

390

150561

192

22,961

335

24,760

104

26,998

222
Equipment

IC
(See Figure 14.10(b)

Aggregate LESS TVC
Materials IC
(See Figure 14.10

0

0

8,869

420

15,302

168

22,477 24,201

3251 100

26,364

215

TVG = Total Variable Cost

IC = Incremental Cost

50



.A.P.PENDIX 3 Table 12: MATEElqhTICS STAITISTICS --
Varying the Staff:Student Ratio

Ratio Total Increase
in Student Num-
bers, 1972/73
to 1976/77 .

Annual
Total

1,dditional
Academic

iinnual
Total

Jidditional
Cost

Incremental
Cost per.

,

Student-
Year

,:, Change in

(4) and (5)
from Planned
Ratio (1:10)

Staff Cost (1976/77) ie (4)/(2)
(1976/77)

(3) 4 (5) 6

Planned

1:10 108

-1

21 872 28 014 259 ---

1:12 108 18,222 24,184 224 14

1:15 108 13,680 19,316 179 31%

1:18 108 12,085 17,593 163 37%

1:22 108 100031 15,431 143 45%

1:25 108 8,435 130707 127 51%
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APPENDIX 3 Table 14 PHAIllviAGY Sensitivit r Tests

tudent Numbers: Total

incremental

974/5 ; 1975/61 1976/7

266 280 319 329 -365 i 377

4 30 19 36 ; 12

2 t E . 2 2 2
Staff; TVC 0 1,595 3,649 5,244 1 60840 ' 8 894

IC 0 113 83 1 44 171

AccODISIOda on: TVG o 128 236 364 i 492 i 600

IC
/

i 0 9 7 19 13 : ,50

! ulnment: TVC , 0 48 1 179 351 . 575 867

IC 0 3 ., 4 9 6 24

hatorials: TVC 0 1 559 .. 1,05 1 978 2 580- 3, 54
-

IC 0 39 31 24 16 -- 64

Aggregate. TVC

IC

0 2, 33P

164

5, 569 7,937 10,487J 130. 715

110
1

135 79 309

Aggregate LESS TVC

Staff and
Accommodation IC

(Sod Figure 14.17(a))

607 1,684 ,?, 329

35 I

Aggregate LESS ; TVC

EqUipment IC

C(eoiure 14.17(b)
,

=

155 40221

,282 5, 390 7,586 9,912 112,848

0 161 106 126 73 i 285

-Aggregate -LF,SS TVC
Materials IC

:

'Figure 14.17(e)),

0 1 1,771 4/064 5,9$ 9
t.
ts 1?5. 79 111.;

72907 10 361
63

`= Total Variable
.= Incremental . Cost .



APPENDIX 4

CALCULATION OF NOMINAL _TEACHING_LOADS



Table 1 : Calculation of iptionai Staff _Entitlement at sent Enrolment

Course
Number of Students , U.K. Staff ' Notional Staffi

!Annual Intaire Weighted Totall iStudent Ratio2, Entitlement
(1) (2) (3) (2) (3)

Pharmacology
I Chemical

Engineering
Colour Chemistry

' Civil Enoineering
Computer Sciatic e(PG
Social Sciences

i Applied Physics
I Applied Biology'
; Materials Sience

All U.Q.C. Subject
Grouns

40 x 2
21
66
12
120
22
30
20

320
63
198
36
360
88
90
80

7.04

1:12.38
1:11.09
1:12.38
1:12.07
1:13.47
1;11.09
1:10.71
1:11.0

1:11.57

3.7

25.8
5.6
16.0
3.0

26.7
7.9
8.4
7,2

1

2

Annual Intake multiplied by length of course (students spending the whole
year in industry not included); science-based postgraduates weighted 3
in accordance with U.Q.C. practice.

Weighted.Staff:Student ratio, 1968-69, averaged for all U.K. universities, for
the appropriate U.G.C. subject group. The ratios are derived from numbers of
staff and weighted students published in U.K. Department of Education and
Science: Statistics of Education, Vel.6. , 1969.

Table 2 : culation of Nominal Teachina Load

Course

Notional Staff
Entitlement at

Current
Enrolment

(1)

Pharmacology 3.7
Chemical Engineering! 5.8
Colour Chemistry 5.6
Civil Engineering 16.0
Computer Science 3.0
Social Sciences 26.7
Applied Physics 7.9
Applied Biology 8.4
Materials Science 7.2

Number of Teaching
Meetings Provided pe
Year at Current

Enrolment
(2)

Nominal Teaching
Load

hours per year)

1 (2) 4 (1)

1716
1289 x 2
2639
4496
851

6009
4495
3689
3589

465
100
475
281
284
225
569
439
500

355


